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Introduction 


This book is about chemistry, and it can be used for both reference 
and reading. It does not contain experiments for you to do. Your 
teacher will give you these. I hope you will use the book to help you 
write your notes, to help you with revision, and above all, I hope you 
will enjoy reading it. 

Each chapter deals with an important topic in chemistry. 
Sometimes, well-known experiments that you may have seen or 
done, are described. At the end of each chapter, there is a summary 
which tells you what you should have learned about that topic. There 
is also a section called ‘Extra Time’. These passages may show you 
how chemistry matters both outside of school, as well as inside it. 

This book has a contents page and an index. Use them both. 
If you want to revise or study a large topic, look on the contents page 
to find the chapter which deals with it. If you want to look up a 
specific fact, like a definition or a formula, look for the word in the 
index. Next to it you will find one or more numbers. These are the 
pages on which information about that word appears. Turn to those 
pages and look for the facts that you want. 

Chemistry is a very important subject. It is involved in almost 
everything in our daily lives from the clothes we wear to the air we 
breathe, and the food we eat. The article that follows should give you 
some idea of how important chemistry really is. 


internal fittings 
(plastic polymers) 


windscreen j 
(glass and plastic) 


battery 
(lead and 
sulphuric acid) 


2 


AZ 


engine 
(iron and steel) 
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radiator 
(water, hydrocarbons) 


Chemistry on 
four wheels 


Chemists turn raw materials 


mainly iron ore and 
crude oil 


into iron, steel, paint, plastic, glass, 
lubricants. and fuel. In doing so, they use hundreds. 
Y not thousands, of different chemical reactions. 


Out along the motorway at 70 miles 

per hour... 

The whole car, including the engine and the 
chassis, the tyres and the bodywork, and the 
petrol that it uses to drive it along are all 
produced by man from natural materials, The 


chemical structure of the car is illu 


1 strated in 
the diagram, 


petrol 
(hydrocarbons and 
lead compounds) 


brake linings 
(asbestos) 


tyres 
(polymers, sulphur) 


The engine and the bodywork 

The engine is made of cast iron. It is 
pouring molten iron into moulds; 
it solidifies. The engine comes out exactly the 
same shape as the mould. By making it this 
way it makes the engine very strong indeed. 
On the other hand, cast iron js not malleable. 
and therefore it is not suitable for use in mak- 
ing the bodywork of the car. Cast iron cannot 
be bent or easily formed into the shapes that 
are needed. But if iron is purifie 
amounts of ¢ 
added to it, it 


made by 
as it cools 


d and small 
arbon and other elements are 
becomes steel which is softer and 
easy to bend. Other parts of the car such as the 
radiator grille and the bumpers are also made 
of steel, but they are plated with chromium 


which does not rust and which has an attractive 
shine. 


Paint 

Cars are painted to help prevent rust. Before 
the paint is applied, the car body is first 
thoroughly cleaned with a solvent and sodium 
hydroxide solution. It is then treated with a 
coating of zinc phosphate. This helps to stop 
rust and also provides a suitable surface for the 
first coat of special paint. The car body is then 
baked in an oven so that the paint layer be- 
comes very hard. After this, up to five further 
layers of other paints may be applied. 


The glass and fittings 

The chemicals used to make the internal 
fittings of the car are made from crude 
petroleum oil. Many of these are called 
polymers. One polymer called Bakelite is used 
for the distributor cover, and polyurethane 
foam is used for the scat cushions. Polyvinyl 
chloride (PVC) is used for the seat covers, and 
another polymer called polyethene is used for 
many of the plastic fittings such as the wind- 
screen washer bottle. Polystyrene is used to 
make the housing of the steering wheel. 

The windows are made of a special safety 
glass that does not shatter when struck hard. 
This glass is made of sodium silicate which is 
heated to make it tougher. The windows are 
sometimes made up of several layers of glass 
and plastic which make it extra tough and 
even less likely to cause injury if it is smashed 


in an accident. 


The car battery 

The car battery consists of six cells which give 
the total voltage of twelve volts. The electrodes 
are grids made of lead. ‘The electrolyte is dilute 
sulphuric acid. When in use the battery has to 
be kept topped up with distilled water. 


Ore and oil come together 

In the manufacture of the complete car, the 
iron and other metal ores have been treated 
and processed in a variety of different ways to 
make them useful. The crude oil is converted 
into all kinds of different plastics and lubri- 
cants which are used both in the structure of 
the car, and to make sure that it runs smoothly. 
The oil also provides the main driving force for 
the car, which is of course petrol. 


Chemical reaction on four wheels 

The petrol used ina car is obtained from crude 
petroleum after fractional distillation. Petrol 
burns easily, sometimes explosively, to pro- 
duce carbon dioxide and water. It also pro- 
duces some carbon monoxide, which is highly 
poisonous. Because of this, car engines must 
not be run in enclosed spaces such as garages, 
where the gas is not able to disperse. 

In the cast iron engine there are four 
cylinders containing pistons which are lubri- 
cated by the engine oil. A mixture of petrol 
and air is drawn into each cylinder as the 
piston descends. The inlet valve which let the 
petrol and air mixture in, closes. The piston 
returns up the cylinder, compressing the fuel. 
An electric spark from a sparking plug ignites 
the mixture which burns very quickly to pro- 
duce a large volume of gases which expand and 
force the piston down. If the fuel burns too 
rapidly the piston may vibrate rather than 
move smoothly. This vibration can cause 
damage to the engine. It is called knocking, 
and it can be reduced by the addition of lead 
tetraethyl to the petrol. A disadvantage re- 
sults, however, from the use of this chemical, 
because lead tetraethyl burns in the engine to 
form lead oxide and this eventually comes out 
in the exhaust fumes as lead vapour. Lead is 
very poisonous. 


Cool it, man! 

The engine is cooled by a water radiator. 
Without the radiator the engine would over- 
heat and the pistons might weld to the cylinder 
casing. During the winter, anti-freeze is added 
to the water because otherwise it might freeze, 
and doing so expand and crack the radiator. 
Anti-freeze is a chemical called ethane-1.2- 
diol which dissolves in the water and lowers 
its freezing point to a safe level. 


Chemical reactions make it go 
Hundreds, if not thousands, of different 
chemical reactions are used to convert the 
variety of raw materials into the end product, 
which is the car able to travel at high speed. 
Quite a number of these chemical reactions 
have been mentioned in this section. There 
has been a lot to think about all in one go, but 
you will find many of the aspects of the 
chemistry dealt with in this section, in differ- 
ent parts of the book. 


ia 
Names 


1.2 
Atoms 


Atoms and molecules 


In this chapter, you will meet, and use the terms atom, element, 
molecule and compound. You probably know these terms and use them 
already, but remember that cach has a very precise meaning. We 
talk about an atom of sodium, but a molecule of sugar. We say that 
sodium is an element, but that sugar is a compound. The following 
sections explain what these terms mean. 


Atoms can be thought of as very small particles from which all other 
substances are built up. They are so small that no one has ever seen 
them. Nevertheless, we believe they exist, because with them we can 
explain the results of many experiments. Scientists have built up an 
‘identikit’ picture of the atom. 


an be of different sizes. 
but an average atom has a diameter of about half a thousand 
millionth of a metre. This can be expressed as: 
0:5: 107? 0:5 
or 0:5x m or 0:5 nanometre inm. 
2 000 000 000 


1 Atoms are very small spheres. They c 


This is incredibly small. You would 


need to place two thousand 
million atoms side by side for them to 


stretch one metre. 
2 Until this century, 
be split. The word 
However, it has been 
parts. Even so, 
tiny spheres. 


scientists thought that atoms could not 
atom meant unsplittahle' in ancient Greek.) 
shown that atoms can be broken into smaller 
it is still useful most of the time to think of atoms as 


3 Everything is made of atoms. Sometimes atoms join together 
into pairs or larger groups. They are then called molecules. You can 
read more about them in the next section. 


In conclusion: all subst 


ances on Earth and in space are made 
of atoms or molecules. 


: Atoms can be thought of as tiny spheres that 
cannot casily be broken up. : 


1.3 


Elements 


Figure 1 
Common elements and 
their symbols. 


1.4 
Molecules 
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Substances made from only one sort of atom are called elements. 
There are about one hundred different elements, and each contains 
a different sort of atom. 

Carbon is an element. It contains only carbon atoms. All 
carbon atoms behave in the same way. 

Copper is another clement. It contains only copper atoms. All 
copper atoms behave in the same way. Copper atoms are different 
from carbon atoms. They have different masses, sizes and chemical 
properties. Copper and carbon are two different elements. 

For convenience, cach element is given a symbol. You will find a 
complete list of elements and their symbols at the back of the book, 
but figure ! contains some of the more common elements and their 
symbols. 


element symbol element symbol 
aluminium AI magnesium Mg 
calcium Ca nitrogen N 
carbon C mercury Hg 
chlorine Cl oxygen O 
copper Cu silver Ag 
gold Au sulphur S 
hydrogen H tin Sn 
iodine I uranium U 
iron Fe zinc Zn 
lead Pb 


The symbol often comes from the first one or two letters of the 
elements name either its modern name, or an old one. For 
example, gold has the symbol Au, taken from duram, the Latin word 
for the sun. 


Sometimes, an element consists of molecules. Molecules are groups 
of atoms joined together. The symbol for hydrogen gas is H5. This 
tells us that hydrogen gas is made of two hydrogen atoms joined 
together. ‘These are called hydrogen molecules. If a substance is 
made up from groups of more than one atom joined together, we 
give it a formula. This tells us what atoms are present in each group. 
A molecule of chlorine is made from two identical chlorine atoms: 
Cl, is the formula for chlorine gas. 
A molecule of oxygen gas is made from two identical atoms of oxygen: 
O; is the formula for oxygen gas. 
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135 s 
Compounds Water is a compound. li contains molecules. The atoms in the 
molecules of water are not all the same sort. 

Compounds are substances made up of molecules whose atoms 
are not all the same sort. 

The formula for water is HzO. This means that a molecule of 
water contains two atoms of hydrogen and one atom of oxygen, 
joined together in a compound. 

The formula for carbon dioxide is CO}. This tells us that it is 
a compound made of one carbon atom and two oxygen atoms, 
making a molecule of carbon dioxide. 

» 
an atom of an atom of carbon an atom of oxygen an atom of chlorine 
hydrogen 
a molecule a molecule of a molecule of a molecule a molecule of chlorine 
of Oxygen carbon dioxide of water 
hydrogen 
Figure 2 Atoms and molecules in elements and compounds. 
For each of the molecules in figure 2, the formula tells us what 
elements are present, and how many atoms of them there are in 
each molecule. 
1.6 
Reasons for Atoms cannot be seen, even with the most powerful microscope. 
believing in Some Lery large molecules such as proteins can be seen as blurred 
a ud outlines with an electron microscope. Another instrument called à 
molecules field ion microscope can produce pictures showing the arrangement 


of atoms in metals 
pictures of atoms that v 
Scientists believe in atoms and molecules, 
evidence, all of it pointing to the same thing. Detectives use d 
variety of clues in the same wav to find a criminal. even though it 


may be that no-one actually saw him commit the crime. Like 
detectives. we may be wrong . . . The 


but neither of these m 


achines can give us 
ve can study, 


because there is so much 


: NeXt SIX paragraphs give you 
some of the evidence. What do you think? SM 


Figure 4 

A copper sulphate 
crystal slowly dissolves 
in water. 
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Crystals have a regular shape. Many substances occur as 
crystals. Naphthalene, used in moth-balls, forms crystals. Its crystals 
have straight edges and flat surfaces. This can be explained by 
suggesting that naphthalene is made of molecules. When naphthalene 
crystallises from a solution, the molecules arrange themselves in 
regular rows, to give the crystal shape. Other crystals of other 
substances have different shapes,but they are always regular and do 
not vary. In each case the molecules are packing together in a 
regular pattern. 

Crystals dissolve. When a lump of sugar is dropped into 
water, it dissolves. We cannot see the sugar but we know it is still 
there, because the water tastes sweet. The sugar crystals have dis- 
appeared, but the water remains, so the water must have broken 
the c down in some wa 
This can be explained by suggesting that sugar crystals contain 
molecules arranged in a regular order. Water is a liquid which does 
not have a definite shape. so the molecules cannot be in a regular 
order. If we could see the molecules before dissolving, they might 
appear as in Figure 3a. 


* = water molecules 
O — sugar molecules 


Figure 3a 3b 
Sugar Sugar 
before dissolving. after dissolving. 


As the sugar dissolves, the molecules break away from each 
other and mix in with the water molecules. The result is a solution. 
A solution is a mixture of solid molecules and liquid molecules. It 
is shown in Figure 3b. 

This experiment looks more convincing if you use a coloured 
substance such as copper sulphate. (See figure 4.) The copper 
sulphate mixes with the water to make a clear blue solution. 


after one after one 
ET et 


hour week 


12 
air 
coloured 
gas 
Figure 5 


Gases mix quickly. 


thistle funnel 
f 


| strong 
sugar 
solution 


water 


semi-permeable 
membrane 


Figure 6 

A laboratory 
demonstration of 
OSMOSIS. 
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Gases mix easily. When a solid dissolves in a liquid, the 
molecules slowly mix with one another. If two gases are put together 
in the same container they mix ve y quickly. (See figure 5. 


glass plate 
is removed 


Both gases consist of molecules with no regular arrangement. They 
move about at random. You cannot see the individual molecules 
because they are too small. 

When the glass plate is removed, the colour rises into the other 
jar. After a few minutes, the gases have mixed completely. There 
are big spaces between the molecules, and the molecules are in 
constant motion, so it would be very surprising if they did not mix. 


Brownian Motion. In 1827, Robert Brown, a botanist. Was 
looking at some grains of pollen floating on water when he noticed 
that they were moving in an erratic way. He had seen the pollen 
grains with the aid of a microscope, but not the much smaller water 
molecules. These were bumping into the pollen grains causing them 
to move jumpily about. This was later called. Brownian Motion. 
It can be seen whenever small particles of dust or smoke, or even 
üny crystals are suspended in a liquid or a gas. Usually, they have 
to be illuminated with a bright light and viewed. through a 
microscope. 


Osmosis. Plant cells need to cont 


3 d ain just the right amount of 
water if the plant is to thrive, If 


à plant is put into salty water, water 
a out of the plant cell into the salty water, so the plant wilts. 
water passes through the plant walls, but the salt cannot. This 


process is called osmosis. It is difficult to explain osmosis without 
using the idea of molecules, 


It can be demonstrated in the 


be laboratory by the experiment 
illustrated in figure 6. The f 


i d thistle funnel contains a strong sugar 
solution. The beaker contains pure water. A material called a semi- 
permeable membrane is stretched over the end of the thistle funnel. 
It has very small holes in it which allow water molecules to pass 
through it, but not sugar molecules, The water flows through the 
membrane. but the sugar does not. so the level in the thistle funnel 

Stops when the w eight of liquid balances the pressure 
of the osmosis, or the membrane breaks. The bladder or guts of a 


pig from your local butcher. can be used to make a membrane: 
Cellophane or parchment could also be used 


Figure 7 


Molecules in solids, 


liquids and gases. 
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Solids, liquids and gases exist. The very fact that our whole 
world is made up of solids, liquids and gases, fits the idea that every- 
thing is made up from atoms and molecules. Each of the three 
groups have easily recognisable properties. 

Solids keep their shape. They are not easily squashed or 
stretched, but if they are, they keep the same volume. This is because 
the atoms or molecules in solids are packed closely together in a 
regular way and are held together by strong forces which attract 
the molecules to each other. The individual molecules do not move 
about, but they do vibrate. The more energy they have (in other 
words. the hotter they get), the more they vibrate. At a certain 
temperature, they vibrate so much that their regular arrangement 
breaks down. At this point, the solid melts and turns into a liquid. 
The temperature at which this happens is called the melting point of 
the substance. 

Liquids take the shape of the vessel they are put into. They 
cannot be compressed or expanded by squeezing or stretching them. 
The molecules in a liquid move about but they are still quite close 
together, They are attracted to each other by small forces. 


liquid 


5 
heat 


Ifa liquid is made hotter and hotter, the molecules move about 
faster and faster. Eventually. at a temperature called the boiling 
point. the molecules have enough energy to leave the liquid and 
form a gas. The molecules in a gas are not attracted to each other. 
They move about very quickly and independently. There are large 
spaces between the molecules so gases can be easily compressed and 
expanded 

This idea about the way molecules behave in solids 
gases is called the Ainete Theor 


liquids and 
This is shown in figure 7. 


Summary. All the experiments and properties which we have 
seen over the last six paragraphs are best explained using the idea 
of molecules. We have not proved that molecules really exist. but 
it is very difficult to explain all these observations without them. 


ld 
Gas or vapour? 


1.8 
Heating and 
cooling curves 


Figure 8 


A heating curve for ice. 


1.9 

Melting points 
and boiling 
points 
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We talk about oxygen gas. but water vapour. What's the difference? 
Both words are used. but there is a strict scientific difference between 
them. In simple terms, the word vapour is used when a substance has 
formed into a gas even though it has not reached its boiling point. 
The smell of ethanol comes from ethanol vapour, and air contains 
water vapour. 


If you measured the temperature of a block of ice as it was slowly 
heated until it melted, and then measured the temperature of the 
water until it boiled, you could plot a heating curve graph. The results 
would appear similar to those in figure 8. 


temperature °C 


4 

| 
100 - boiling point 

| 
Or melting point 
solid 

— 
time 


The gradual temperature increase 
all the ice has melted. Similarly, 
the boiling point until all the w 

The same shape of curve 
change. If a gas is slowly 
decrease would also stop 


stops at the melting point until 
the temperature increase stops al 
ater has turned to steam. 

is seen for any solid, to liquid. to gas 
allowed to cool, the gradual temperature 


dec at the ‘boiling’ and ‘freezing’ temperatures. 
This would be a cooling curve, 


The apparatus used to measure 


the melting point of a solid is shown 
in figure Ya. 


Phe solid is put into a very narrow 
tube. and this is attached to a 


The thermometer and tube 


tube called a melting point 
thermometer with a rubber band. 
! are immersed in paraffin oil and this is 
gently warmed up until the solid melts. At this point, the temperature 
is quickly noted. Í ar 
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To measure the boiling point of a liquid, it must be carefully 
boiled. A thermometer is held in the vapour, just above the liquid. 
(See figure 9b.) If the liquid is pure, the temperature registered on 
the thermometer is its boiling point. 


| oe thermometer 
thermometer 
melting point 
tube 
solid 
liquid 


heat heat 
Figure 9a 9b 
Melting point Boiling point 
apparatus. apparatus. 
Summary At the end of this chapter you should be able to: 


1 Explain what atoms and molecules are. 

2 Explain the meaning of the terms clement and compound, 
giving examples of each. 

3 Find the symbols for elements in the table at the end of the book. 
4 Explain the structure of crystals, and describe the processes of 
dissolving, mixing gases, osmosis and Brownian Motion in terms of 
atoms and molecules. 

5 Explain how molecules are arranged and how they move in 
solids. liquids and gases. 

6 Explain what is meant by the terms melting point and boiling 


point. 


7) Measure the melting point of a solid and the boiling point of 


a liquid. 
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It’s a gas! 


The story of 
Robert Boyle 
and Jacques Charles 


Robert Boyle. who lived nearly three hundred 
years ago. experimented with gases. He measured 
how their volumes were affected by different 
pressures. About a hundred years later the 
Frenchman Jacques Charles found out even 
more. The article that follows explains. their 
results in a way that has never been used 


before... 


Oven and bicycle pump 

Despite what you may read in Physics text 
books, I have reason to believe that Robert 
Boyle, the seventeenth century scientist did his 
experiments in this way. He had a bike pump. 
And an oven. The oven was perfectly normal 
eye-level grill, four rings. smart enamelled 
finish, all the trimmings. but the pump was 
something special. Instead of the connector at 
the end, there was a pressure gauge. 


Volume halved, pressure doubled 

Robert Boyle fixed his pump so that it was full 
of air and he put it in the oven so that it stayed 
at the same temperature. That was important. 
He then pushed the pump handle in so that 
the volume of the air in the pump was halved. 
To his great surprise, he found that the reading 
on the pressure gauge had doubled. See the 
diagrams below. In other words, the number 
found by multiplying the pressure by the 
volume. was the same after his experiment as 
it was before it. 


— : (3) 


I 
dap 
Pressure = | Pressure = 2 
Volume = | Volume = 1 
PxV 1 PV 1 


In this way he discovered what we now call 
Boyle's Law. 


‘For a fixed mass of gas at constant 
temperature, the product of pressure 
and volume stays the same. 


In other words. PXT at the start of an 
experiment is equal to P x Tat the end of the 
experiment, so long as no gas escapes, and the 
temperature stays the same. 

We can explain why Boyle's Law works 
using the kinetic theory you read about in the 
chapter. Imagine a gas in a container such as 
Robert Boyle's bike pump. | Look at the next 


diagram. 
— — — 


Air molecules hit walls 

The molecules of the gas inside the pump are 
in constant motion, bumping into one another 
and into the walls of the pump. The force of 
the molecules hitting the walls of the pump is 
the pressure of the gas. When you reduce the 
volume of the gas. the molecules have less 
space in which to move about, so they collide 
with each other and with the walls of the pump 
more often. In other words, as the volume is 
reduced. the pressure is increased. 


Oven and pump found in junk shop 

Professor Jacques Charles lived about 100 years 
later, so I reckon he must have found Robert 
Boyle’s bike pump and oven in a junk shop. 
Recognizing their true value immediately, he 
began a series of experiments that were very 
similar to Robert Boyle’s. He fixed the amount 
of air in the pump so that the handle was half 
in, at normal room temperature. He then put 
it in the oven, and began to heat it up 


Temperature doubled - so did volume 
He saw that as the air in the pump got hotter, 
the handle was gradually pushed out, even 
though the reading on the gauge remained the 
same. When he let it cool, it gradually went 
back in again. 

V went up when T went up; 

V went down when T went down; 


So X stayed the same 


ic. Y = a constant value. 
The volume always kept in step with the 
temperature. This was Charles discovery. 
The scientific statement of this "keeping 1n 
step’ is: 

‘For a fixed mass of gas at constant 
Pressure, the volume of the gas is always 
Proportional to its temperature. 


This is Charles’ Law. His results can be shown 
in a graph. 


volume 


- 
temperature 


absolute zero 4 
room temperature 


Absolutely freezing 
The graph shows that if the temperature is 
made to go lower and lower, the volume gets 
smaller and smaller. The temperature at which 
the volume would get so small as to be zero is 
called absolute zero temperature. This is the 
coldest temperature which can ever be 
reached! But just as it is impossible to make 
the volume compress to nothing, it is impos- 
sible to reach absolute zero temperature. 

When scientists realized that there was a 
‘coldest temperature possible’, a new tem- 
perature scale was invented called the Kelvin 
scale, where absolute zero has the value of zero 
Kelvins, or 0 K. (written without a ° sign) : 

O K = absolute zero. This was found 

to be —273?C. 
So 273K = 0?C, 
and 373 K = 100°C. 
Any centigrade temperature can be turned 
into a Kelvin temperature by adding 273, and 
in any calculations involving gases, Kelvin 
temperatures must be used. 


Walls move back to stop pressure 
increase 

Like Boyle's Law, Charles Law can also be 
explained in terms of the kinetic theory. At a 
certain temperature, the molecules of a gas 
move about at a certain speed. The pressure of 
the gas is the force with which the molecules 
hit the walls of the vessel they are contained in. 
If the temperature is increased, the molecules 
move faster and hit the walls more often. This 
would tend to cause an increase in pressure. 
But the pressure is kept the same by allowing 
the molecules to use up their extra energy in 
pushing the walls back. In other words. the 
volume increases, but the pressure stays the 
same. The same sort of thing happens if the 
temperature is lowered. The volume must 
decrease. 
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Questions 


Chemistry matters 


1 The following list gives the symbols or formulae of a number of 
substances. Use the list to write down: 
a those which are elements, 
b those which are compounds 
c those which contain atoms but not molecules, and 
d those which contain molecules. 
magnesium Mg iron Fe 
water H,O hydrogen gas H, 
oxygen gas O, sulphur dioxide SO, 
calcium Ca lead Pb 
ammonia NH, 
manganese Mn 


carbon dioxide CO, 
lead(IV) bromide PbBr4 


2 The following list contains the names of some compounds and 
their formulae. In each case, say what elements are in the compound 
and say how many of each type of atom is found in one molecule of 
that compound. Use the table of elements at the back of the book to 
help you. 


copper(II) sulphate CuSO, — iron(II) oxide Fez O3; 

zinc oxide ZnO vanadium(V ) oxide V20; 
hydrochloric acid HCI calcium carbonate CaCO, 
sodium hydroxide NaOH ammonium sulphate (NH4),SO, 
sulphuric acid H ,SO, aluminium sulphate Al, (SOq), 
3 The following list contains the names of some compounds and 


the numbers of each type of atom in a molecule of the compound. 


Try to write the formula for the compound using the table of 
elements at the back of the book to help you. 
copper oxide = 1 atom of copper + 1 atom of oxygen 
E l atom atom 3 atoms 
iron Hj carbonate = <. : à 
of iron ` of carbon * of oxygen 


; " l atom 5 atoms 
phosphorus! V) chloride —.— jy rian 
of phosphorus * of chlorine 
pna e , l atom l ato 3 atoms 
nitric( V) acid = < 21m 3 SoM 
of hydrogen * of nitrogen of oxygen 
. 3 l atom i í 
potassium hydroxide = < ; Spat lH 
of potassium * of oxygen of hydrogen 
red lead oxide — 3 atoms of lead +4 atoms of oxygen 


3 l atom : li 

barium sulphate = | s AU 4 SEDE 
of barium * of sulphur * of oxygen. 

iron III iodide = | atom of iron +3 atoms of iodine 


sodium phosphate = 3 atoms l atom t atoms 


of sodium of phosphorus of oxygen 


calcium hydrogen 
carbonate 


. latom 2 atoms 


of calcium 


2 


of hy drogen 
2 atoms 


6 atoms 


of carbon * of oxy gen 
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4 Flask A contains a coloured gas. Flask B has had all the air 
pumped out of it. When the tap is open, the gas will flow from flask A 
to flask B. How quickly do you think this will happen? Explain your 
answer. 


— 
to pump 


strong 
salt . 
solution 


5 The beaker contains a strong solution of salt. The thistle 
funnel contains ordinary water, and its end is sealed with a semi- 
permeable membrane. What will happen when the apparatus is 
assembled as shown? 


6 Make as long a list as you can of the ways in which solids differ 
from liquids. 


7 Look at this graph and answer the questions that follow. 


temperature ?C 


300r 


250 


T 


200 


150 liquid wax 
100 


50 


0 1 2 3 4 5 6 7 8 9 time (mins) 


What is the melting point of the wax? 


: f " 

b From the time it starts to melt, how long does it take until 
all the wax has turned into a liquid? 

c If wax gas is cooled. at what temperature will it start 


2 
to condense: | 
d Draw diagrams to show how the molecules in wax might 


be arranged in the solid. liquid and gas states. 


2.1 

Pure We must begin by distinguishing between pure substances and 

substances and mixtures. Pure substances contain only one type of thing. Elements 

mixtures (like gold, carbon, oxygen) are pure substances because they are 
made up of atoms or molecules each onc of which is identical. A 
compound (like pure water) is a pure substance because each of the 
molecules in the compound are the same. 

Mixtures contain more than one sort of thing. A cup of tea, for 
example, is a mixture containing several things including water and 
sugar. The air we breathe is a mixture of several different gases, 
Figure 1 shows some of the mixtures that can be made from solids. 
liquids and gases. 

Solid 
— — 
Alloys, such as 
r brass and bronze. 
Solid i 
Salt and sand. 
Soil. Liquid 
Solutions such as Emulsions such as 
brine. hair oil or salad 
Liquid | Jellies. cream. 
Milk. Solutions such as 
wine. Gas 
Smoke. Mists and sprays, The air. 
Figure 1 Gas Pumice stone. Foams. 
& A sponge 
Some mixtures, ponge 
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As you can see, there 


of mixtures. 


v. 


arem 
use the same method lo se 
gets the dirt particles out 
out of wine using the sai 
some of the methods which 


parate each one, 
of smoky air, but 
ne method, 


any different types of mixture. You can't 
The filter on a car engine 
you can't get the alcoh 
The following section explains 
are used to Separate different sort 


28.9 
Separating 
mixtures 


Figure 2 
Separating salt and 
sand. 
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Dissolving, filtering and evaporating. Ifa mixture consists 
of two solids, one of which will dissolve in a solvent, and the other 
of which will not, the solvent may be used to separate the mixture. 
Take, for example, salt and sand. 

The mixture is added to water, warmed and stirred. The 
soluble part, salt, will dissolve in water, and the insoluble part, sand, 
will not. 

The mixture is then filtered. The insoluble part remains in the 
filter paper and is called the residue. The residue may be washed and 
dried. The soluble part which is in solution, passes through the filter 
paper and is collected in the flask. This part is called the filtrate. 

The filtrate is evaporated to drive off the water, re-forming the 
original solid, salt. 


residue =sand pure salt is 


glass rod 
| left in dish 


2 filtrate— salt solution 3 heat 


e mixtures contain two substances neither of which will 
dissolve in water. In this case, another solvent must be used to 
the mixture. For example. a mixture of sulphur and sand 
nique as in figure 2, but using 
Sulphur dissolves in methyl- 


Som 


separate 
mav be separated by the same tech 
methylbenzene instead of water. 
benzene, but sand does not. 


Decanting and centrifuging. Sometimes a mixture of an 
solid in a liquid (such assand in water) can be separated 
ouring the liquid off leaving the solid behind. This is 
See figure Za. It is quicker than filtering, but.not 


undissolved 
by carcfully p 
called decanting. 


FBR TT, WSs Head 
as good. " 23 90 f 
ate XA io P & 


. 4341. f 


Nm 


Figure 3a 


Decanting a liquid. 


Figure 4 
Simple distillation. 
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Sometimes, the solid may not sit at the bottom of the beaker, but 
may be suspended in the liquid. This is called a suspension. A good 
example of a suspension is dirty water. The dirt can be separated 
from the water by filtration, and that is how it is done at a water 
works, but a small sample of the mixture can be separated more 
quickly using a centrifuge. (Sce figure 3b. 


revolving buckets 


glass rod to 
aid pouring 


— liquid 


| | motor 


solid 3b 


A centrifuge. 


The electric motor revolves the spindle very quickly and the buckets 
containing the test tubes are spun around. The buckets tip up and 
the solid matter is flung to the bottom of the test tube. 


Alter spinning. 
the clean liquid can be removed with a pipette. 


Distillation. Both solutions and mixtures of liquids may be 
separated by distillation. Figure 4 shows the appar 


atus used to obtain 
pure water from a solution of salt and water. 


thermometer 


water out to sink 


condenser 


water in 
salt from tap 
solution 


{} — pure water 


Figure 5 
Fractional distillation. 
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The salt solution in the flask is boiled. The water part boils and 
becomes steam. The steam passes into the condenser where it is 
turned back to water, which then drips into the collecting beaker. 
If the mixture consists of two liquids dissolved in each other, (these 
are called miscible liquids), a special type of distillation apparatus 
called a fractionating column must be used. Figure 5 shows the 
apparatus that might be used to separate a mixture of ethanol 


and water. 


| — thermometer 


| 


44 


water out 


condenser 


fractionating water 
column in 


pure 
ethanol 


ethanol and 
water 


when the mixture is heated, both the ethanol and the 
water will start to evaporate. However, the boiling point of water 
is 100 C and that of ethanol is 78 C, so the ethanol will evaporate 
more easily. The fractionating column is a long tube packed with 
small glass beads which assist the separation of the two gases, by 
providing a large surface arca for them to condense and evaporate 
from. Only the ethanol reaches the top of the column, so only pure 
ethanol forms in the condenser. Note that the thermometer is placed 
at the top of the fractionating column so that it registers the = 
perature of the substance which is distilling. This technique is calle 


fractional distillation because more than one liquid is boiling. 


This ume, 


TE 


oil 


water 


Figure 6 
A separating funnel. 


Figure 7 
Dissociation and 
sublimation. 


Figure 8 
Separating a mixture 
by sublimation. 
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The separating funnel. Liquids that do not dissolve in cach 
other are called immiscible liquids. When they are useful together, as 
for example in paint, hair oil. and salad dressing. they have to be 
shaken together to get the liquids to mix. This sort of mixture is 
called an emulsion. 

In salad dressing. oil and water are mixed in the same bottle. 
They mix into an emulsion when they are shaken up. but soon 
separate into two layers. They can be separated using a separating 
funnel. (Sce figure 6. 

The tap is opened and the water is allowed to run out. ‘The tap ds 
closed before the oil reaches the bottom. 


Sublimation. Some types of solid do not melt when they are 


heated. Instead, they change directly from a solid to a gas. When 
the gas is cooled, it does not condense 
directly back to a solid. The two proce 
sublimation. Vhey are shown in figure 7. 


into a liquid, but changes 
‘sare called dissociation and 


— U 


this process is called 
dissociation 


heat 


solid == gas 
coal 
— 
a — 
this process is called 


sublimation 


Very few substances sublime. Ammonium chloride and iodine are 
examples of substances that do. A mixture 


ammonium chloride may be separ 
the ammonium chloride turns into a gas leaving the sodium chloride 
behind. If a cold surface is held over the heated mixture, the 
ammonium chloride will sublime back to a solid. Sec figure 8. 


of sodium chloride and 
ated by gently heating it so that 


glass filter funnel 


ammonium chloride 


„ mixture of ammonium 


—— and sodium chloride 


N 
or 
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Chromatography. This technique was originally discovered 
when scientists were extracting coloured dyes from plants. 


about one hour later 


m iter paper T : 1 point solvent 

| | | reached 
spot of coloured | ! 

? plant extract e t different 
"i spots of colour 
solvent (water, or | 0 
» some other liquid) 
Figure 9 Separating coloured pigments by chromatography. 


A modern version of their experiment is shown in the diagram above. 
It consists of a coloured extract made from a mixture of different 
compounds. As the solvent soaks up the paper, the different coloured 
compounds follow it at different speeds, so they gradually become 
separate. 

Chromatography provides a means of not only separating 
mixtures, but identifying what is in them. For example. a mixture 
of inks whose composition is unknown can be analysed by using inks 
whose colours are known alongside them. Figure 10 shows what 


might happen. 


Figure 10 
Identifying the 
components of an ink. 


yellow ^ blue black | 
ink nk inks 


The red, green, yellow and blue inks must be pure substances 
because they only give one spot of colour as they soak up the paper. 
The black ink, however, gives three spots, at the same height as 
the red, blue and yellow inks. Therefore, we may conclude that the 
black ink was made of red, blue and yellow ink. 2 8 

The piece of paper with chromatography on it is called a 
If necessary the chromatogram can be cut up so that 
ts can be soaked out into different solutions. 
phy equipment, minute amounts of 
This makes it a very important tool 


chromatogram. 
the different componen 
With special chromatogra} 
detected. 


substances can be c : 
and for detectives . . 


both for chemists. 


2.3 
Is it pure? 


2.4 
Solubility of 
solids 
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How can you tell if something is pure? You could use some of the 
techniques we have just discussed. 

For example, you could add the substance to water: scc il some 
of it will dissolve and some will not. You could heat it: see ifsome of 
it sublimes. If it were liquid. you could distil it: sec if it will separate 
into two parts. If you know what the substance is, vou could measure 
its melting or boiling point and see ifitis the same as the value quoted 
in a reference book of chemical data. Impurities in a substance make 
the melting point lower than it should be and the boiling point 
higher than it should be. 


Ifa substance will dissolve in a liquid we say that it is soluble. A soluble 
solid is called a solute and the liquid it dissolves in is called the solvent. 
Whatever the solute and solvent, they mix to give a solution: 


a solute +a solvent — a solution. 


Different substances dissolve in a solvent by varying amounts. 
They have different solubilities. To talk about the solubility of a 
substance, you must mention three things: 


1 The temperature of the solution. 
2 The name and the mass of the solute which is dissolved, 
3 The name and the mass of the solvent it is dissolved in. 


For example: At 20 C. the solubility of sodium chloride in water 
is 36 g of sodium chloride per 100 g of water. 

It is most important to include the temperature, because solutes 
have different solubilities at different temperatures, 


Saturated solutions. When a solvent has dissolved as much 
solute as it possibly can at a given temperature, the solution is said 
to be saturated. The only way to be sure that as much solute as possible 
has dissolved, is for some to be left over at the bottom of the test tube. 

A saturated solution is one which contains as much 
solute as it can at a given temperature, and still has some 
undissolved solute left over. 

For example: at 40 C. about 60g of potassium nitrate dissolves in 
100 g of water. This is a saturated solution. 

Ib the temperature is changed. the solubility changes as well. 
For most solutes, their solubility incre 
solution is changed. At 100 C. the solubility of potassium nitrate in 
water goes up to 245g per 100g of water. So 60g of solute in 1008 
of water at 100 C would not be à saturated solution because more 


solute could dissolve. Similarly, if the temperature is lowered. the 
solubility. decreases. At 10 € 


ases if the temperature of the 


D : ral call 
-only 21 g of potassium nitrate Ca 


I 
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dissolve in 100 g of water. so if the saturated solution is cooled from 
100 C to 10 C some of the solute will crystallise out from the 
solution. (See figure 11. 


10°C 40°C 100°C 
solution is solution is solution is 
saturated just not saturated 
saturated 
Figure n some solid all solid it could 
Solubility changes remains has just dissolve 
with temperature. undissolved dissolved more solid 
iD 
Solubility These variations of solubility with temperature are best shown on a 
curves graph called a solubility curve. Figure 12a shows a solubility curve for 
potassium nitrate in water. 
solubility in g solute per 100 g of water solubility g per 100g of water 
140 
140r. ....- - b) potassium nitrate 
120 120r 
i 
L 1 
100 f 00 
i ' 
80- [ 80 ammonium 
chloride 
B0j----------7 60 
i i 2 
[ i potassium 
40 | | P chloride 
20 1 1 20 Copper | 
: 1 sulphate 
11 a 2 5 
© 10 20 30 40 50 60 70 80 90 100 O 10 20 30 40 50 60 70 80 90 100 
temperature °C temperature °C 


12b 


Comparing solubilities. 


Figure 12a 


A solubility curve for potassium nitrate in water. 


From this graph it is possible to find the solubility of potassium 
nitrate at any temperature from 0 € to 100 C. 

Look at example (a) on the graph. 

At 40 C, the solubility of potassium nitrate is 60g per 100 g of water. 
Look at example (b). 

At 70 Ce the solubility of potassium nitrate is 135g per 100g 


of water. 


Solubility of different substances. Different substances 
have different solubilities. All of these can be displayed on the same 
graph at once so the solubilities can be compared. (See figure 12 

^ For example: the graph tells you that below 26 C. ammonium 
chloride is more soluble than potassium nitrate but above 26 C. 


it is less soluble. 


2.6 
Measuring 
solubility 
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Figure 13 shows the apparatus which is used to measure the solubility 
ofa solute in water at a particular temperature, The procedure is as 
follows: 

1 The water bath is kept as close as possible to the temperature 
at which the solubility is to be measured. The water is constantly 
stirred. The flame of the bunsen burner is adjusted to keep the 
temperature of the water bath steady, 


2  Solute is added to the water in the test tube, and the solution 
is stirred. Solute is added until no more will dissolve, no matter how 


much the solution is stirred. The solution must then be saturated 
at that temperature. 


3 An cvaporating basin is weighed. 


4 Some of the saturated solution is carefully taken from the test 
tube with a warm pipette, and it is transferred to the evaporating 
basin... It is weighed immediately. 


5 The solution in the basin is carefully evaporated until all the 
water has gone and only dry solute remains. 


6 It is weighed again. 


To see how the result is calculated, here are some sample figures. 


The solubility of potassium nitrate. 


‘Temperature at which experiment was performed . . 40 C 
Mass of evaporating basin 30.02 
Mass of basin + solution 468 
Mass of basin + solute after evaporation ... 36-4¢ 


1 The mass of solute in the sample. This is obtained by subtraction: 
mass of basin and solute 36g l 
minus mass of basin =300g 
= mass of solute 64g 


2 The mass of water in the sample of solution. This is obtained by 
doing another subtraction: 
Mass of basin and solution 164g 
minus mass of basin and solute — 364 
= mass of water in the solution 10-0 ¢ 


At 40 C, 6:4 ¢ of potassium nitrate dissolve in 10 g of water. 


So the solubility of potassium nitrate is 64-8 per 100 g of water at 40. C. 


Figure 13 
Measuring the 
solubility of a solute 
in water. 


PE) 
Solubility 
of gases 


Summary 
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—— gless rod 
1 — 
| Tz 1 thermometer 


water bath 


water (solvent) 


solute 


heat 


Gases also dissolve in solvents. Fish use the oxygen that is dissolved 
in water; swimming baths have chlorine dissolved in the water to 
kill bacteria. 

Most solids increase their solubility as the temperature of the 
solvent is raised. Gases, on the other hand, become less soluble. 

Pop has the gas carbon dioxide dissolved in it. As the pop 
warms up in your mouth the gas 'undissolves, making carbon 
dioxide bubbles on your tongue. This is the ‘fizz’. 

Pressure also has an effect. Increased pressure will make more 
gas dissolve. Carbon dioxide is put into pop at high pressure. When 
you take the top off a bottle of pop, the pressure is released, the 
solubility of the gas is decreased, and bubbles of carbon dioxide 
come out of solution. The gas stays out, too, if you leave the top off! 


At the end of this chapter, you should be able to: 


] State the differences between a pure substance and a mixture. 
2 Describe how to separate mixtures by means of: dissolving 
and filtering; evaporating; decanting: centrifuging; distilling; 
using a separating funnel; subliming, and by chromatography. 

3 Decide whether or not a substance is pure by means of tests. 

4 Explain what is meant by the term solubility, and describe the 
effect of temperature changes upon the solubility of a solute in a 
solvent. 

5 Explain what is meant by a saturated solution. 


6 Draw and interpret a solubility curve. 


Describe an experiment to measure the solubility of a substance 
erature, and calculate its solubility from the results 


7 
at a stated temp 
obtained. 

8 Describe the effect of temperature and pressure on the solubility 


of gases in solvents. 
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A load of 
old rubbish 


Rubbish has always been a problem. If you had 
lived in London in the 17th century, you would 
have taken very great care when walking through 
the narrow city streets. People threw their 
rubbish (and not very pleasant rubbish at that) 
out of the window into the street below. There 
was nowhere else to put it. Today, there are 
people who take an interest in rubbish. .. 


Binmen to the rescue 

Nowadays, we take it for granted that the 
binmen' will call once a week and take away 
all our rubbish. Every year, they remove 
eighteen million tonnes of paper. tea-leaves. 
old bottles, beer cans, the remains of vester- 
day's dinner, and such like . . a load of old 
rubbish! 

But is it really rubbish? It has come in 
very useful in the past for filling old quarries, 
making sites which can eventually be used for 
buildings. But more important than that, 
people have come to realise that some of the 


‘rubbish’ can be separated, and reused. All of 


a sudden. the waste becomes useful raw 
material. 

lake tin cans. Are you having baked 
beans for tea? Or a ring pull can of orangeade 
for vour lunch? If vou are. vou will shortly be 
adding a few more cans to the total of 10000 
million which people in Britain throw away 
each year. Put end to end, they'd stretch 
round the world twenty times! The metal in 
them is worth £15 000000... What about 
paper? One tonne of paper costs about £350: 
and 3 trees are chopped down for each tonne 


In Britain, we throw away + million tonnes of 
waste paper cach year! 


Volunteer help to carry the can? ; 
But there are many technical problems m 
separating the waste. Rag and bone men. and 
their modern. equivalent people collecting 
old newspapers and milk bottle caps tor 
charity are one quite effective way of separal- 
ing rubbish, as long as the donors are prepare 

to co-operate. by putting everything in neat 
bundles. But without voluntary help it is not 
economic to separate waste this way. f 

No-one has vet invented a full Size 
machine which can separate normal domest 
rubbish into separate piles of metal. glass 
plastics and so on. There have been man? 
attempts to develop such machines. 

One of the most interesting plants 
attempting this job has been built in NESS 
castle-upon-Tyne. Three firms the Meta 
Box Company, the British Steel Corporation 
and Batchelor-Robinson provided the money 
to build the machine: Tyne and Wear Count? 
Council were happy to provide the rubbish: " 

The money to build the plant 955 pe 
vided by people in the ‘metals’ busines 


for 


sO 


naturally enough, the plant concentrates on 
tin cans. The problems are: 

how to separate the tins; 

how to clean the tins; 

how to convert the tins into separate piles of 
pure tin and steel. 


The tin-grabber 
The machine shown in the diagram does both 
the first and the second job at the same ume. 
The rubbish is dumped in at the right 
hand by the Hymac' grab and travels up the 
sloping conveyor belt. This is vibrating all the 
time to loosen up the rubbish. As it travels 
along to the left, it is vibrated even more at 
the end, the rubbish falls down a series of 
chutes with strong magnets attached which 
pull the tins to one side, where they fall onto a 
separate conveyor. This is the main part of 
the process, and is the most difficult part to 
do well. The system in this machine is the 
most advanced in both Europe and America, 
because it can separate most of the iron and, 
at the same time, shake off most of the sticking 
paper and plastic. 2 
Everything besides the tins ends up dropping 
through the chute at the left-hand. end of 
the machine. The tins travel back underneath 
the first separation 


the horizontal conveyor 
has been made! 

But things are never as easy as they seem. 
(act made mainly from steel, with a 


‘Tins are in f re ! 
er of tin on the inside and outside 


very fine lay 


8 
3 : ` — 


The separating plant at Newcastle on Tyne. 
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to prevent rusting. To get pure steel and pure 
tin, another more difficult separation has to 
be done. 

Batchelor-Robinson developed the equip- 
ment to do this job. The tins are broken up and 
then dumped into a bath full of alkali. | Use the 
index!) As in the salt and sand experiment, the 
tin dissolves and the steel remains. Another 
separation has been done. The tin which has 
reacted with the alkali, is removed by a special 
type of separation process called ‘electrolysis’, 
which you can read about in chapter 17. 


Rubbish? No such thing! 

The Newcastle plant is rescuing about 85 
million tins per year. The next job will be to 
build plants to make the paper waste available 
for re-use - another very necessary separation. 

No-one has yet devised a machine which 
can separate all the components of domestic 
rubbish, but the effort which needs to be made 
will become worthwhile if the price of the 
materials involved rises too much. 

This is exactly what happened during the 
Second World War. Materials became very 
scarce, so the Government appealed to house- 
holders not to throw away anything. 

"Teapot spouts make jumping boots for 
paratroopers’ ran one headline. Old sauce- 
pans into Spitfires’, ran another. What next? 
How long will it be before we see the headlines 
"New cars from old baked bean tins’? What a 
load of old... () 


p 


Questions 
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1 Which of these are mixtures, and which are pure substances? 
soil: copper sulphate: 18 carat gold: hydrogen: water: 
silver; air: seawater: lead: carbon dioxide. 
2 Describe how you would separate the following mixtures: 
a powdered copper sulphate and powdered copper: 
b a suspension of chalk in water; 
c two miscible liquids, one of which boils at 60. C: and the 
other of which boils at 100 C: 
d powdered iodine and sand; 
e  tetrachloromethane and water (tetrachloromethane docs 
not dissolve in water); 
f pigments obtained from various crushed flower petals. 
3 What will happen if a saturated solution of potassium nitrate 


which contains 100 g of water is cooled from 70 C to 30. C? Use the 
solubility curve in figure 12b to help you. What will happen if you 
do the same thing to a saturated solution of potassium chloride? 


4 


Study the solubility curve of potassium nitrate and lead nitrate 


shown in this diagram, and answer the questions which follow. 
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100r 


solubility g per 100 g of water 
140 
120 potassium nitrate 


lead nitrate 


80 
60 
40 
20 
[6] 1— (0€ n -L i 
0 20 40 60 80 100 


temperature C 


a Which substance has the greater solubility at 20 C? 

b Which substance has the lower solubility at 70. C? 

c What is the solubility of lead nitrate at 50 C? 

d At what temperature does potassium nitrate have a solu- 
bility of 20g per 100 g of water? 

e At what temperature do they have the same solubility? 

f What is the solubility at this temperature? 42 
g Why does the graph not go below 0. C and above 100 C: 


Calculate the solubility of sugar at 40 C from the followin 


experimental data: 


6 


Mass of evaporating basin RIS 
j Eva] f i 9. 
Mass of basin + sample of saturated solution ER 17 5 
Mass of basin + solid after evaporation of solution . - - 5 


Why do tanks of tropical fish need to have air bubblers in them 


3.1 
Water, water 
everywhere 


3.2 
How much 
water? 


Water 


There is a great deal of water on the Earth. About four-fifths of its 
surface is covered with sea; the land is dotted and streaked with 
lakes and rivers. A visitor from outer space might well think he had 
come to a very wet planet. 

It is just as well that we have all this water, because the human 
race and the animals and plants that live with us, totally depend 
on water. In areas where there is plenty of water, crops and livestock 
flourish, but in desert areas, little grows - both animals and people 
are scarce. Britain is lucky in this respect, because we receive just 
about the right amount. The following statistics are published by the 
Thames Water Authority, which controls the water supply to about 
one quarter of the population of England. 


The Authority estimates that it supplies about 4500 million litres of 
water through its pipes each day and that the total length of pipes is 
42 000 kilometres. All this comes from its reservoirs that can hold up 
to 240000 million litres of water. Its sewage and water treatment 
plants deal with about 4275 million litres of waste each day and the 


sewers stretch for some 140 000 kilometres. That is something to think 


about. ] l 
People use a lot of water in their homes. On average, each one 


of us uses over 150 litres each day. The figures work out like this: 


washing and bathing ^82: ] tes 
WG. * 57 » 
laundry 15 «<5 
dishwashing and cleaning Ng. 
gardening ; ; ae 
drinking and cooking : - 


car washing 


Industry uses a gr¢ 
some estimated quantitt 


eat deal of water on our behalf. These are 
es of water used in different processes: 


To make a gallon of beer ts ài Es litres 
tonne of paper ias " 
1 e of steel .. - 45500 


To make a tonn 
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3:3 
The water The way in which water circulates round the earth can be described 
cycle by the water cycle. Figure | is a diagrammatic representation of the 


water cycle. 

The driving force for the water cycle is the sun. All the time, 
the sun is evaporating water from the sea, causing huge amounts of 
water vapour to float into the air. The vapour condenses to form 
millions of minute droplets of water clouds. Water rains down from 
them onto the land and the sea. The part that falls onto land soaks 
into the ground, to return later to the surface as springs. These fill 
the rivers, which return the water to the sea. But before it reaches the 
sea, some of it is collected in reservoirs. It is taken in pipes to cities 
where people, animals and industry, use it and make it dirty. This 
sewage is treated before it is passed back into rivers, so that it can 
go back to the sea reasonably clean. All the water that left the sea 
is thus returned, and the water goes on round and round in the 
Water Cycle. 

This account of the Water Cycle is illustrated in figure 1. Have 
a really good look at it before you read on. 


= 
E AT MS Y^ 
1 $ s 3 , water f 
3 (wind fa d condenses 
clouds lose = J ee E to form 
water as rain clouds 


streams fill 
rivers 


80 to rivers 
and the sea 


ets in 


some water diverted p works 


Cx to reservoirs 


Y purhed in water 
reatment works used in houses and factories 


Figure 1 The water cycle. 


3.4 
Sources of 
impurity 
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Water is a good solvent. It will dissolve a greater variety of substances 
than any other liquid. For this reason water contains a lot of dissolved 
impurities, and most of them must be removed before the water is 
fit for use. 

As streams and rivers flow over the land, they erode and dissolve 
small amounts of rocks and soil. These substances are generally not 
harmful to people and animals, but they may cause the water to 
become resistant to soap, or hard. 

Dissolved substances can often interfere with industrial pro- 
cesses such as steel making and electroplating, and the water must 
be purified before use. ‘This can be costly. 


A lot of water finds its way into rivers, not from springs and 
lakes, but by direct drainage from the land. Water which has drained 
from roofs and roads contain dust and grit. In heavy traffic areas it 
will also contain oil and lead dust from the exhaust fumes of cars. 
But this is less of a worry than some of the impurities that drain from 
farm land. 


In 1970, chemical industries in the United Kingdom produced 
2 660 000 tonnes of artificial fertilizer and much of this was applied 
directly to the land, to increase the growth rate and quality of crops. 
Unfortunately, during heavy rain, the soluble parts of the fertilizer, 
such as sodium and ammonium nitrates, are dissolved and carried 
into the rivers. This means a loss for the farmer, and pollution for the 
rivers. Instead of encouraging useful crops, the nitrogen compounds 
encourage the growth of small. floating plants called algae which 
prevent the normal growth of plants and fish in the river. The 
River Lee, which is à tributary of the Thames, runs through an 
important market garden area. In 1973 the nitrate level rose above 
that recommended by the World Health Organization, so it had to 
be diluted with purer water from the Thames. 

Industry can often be responsible for pollution of rivers, so the 
quantity and type of waste that can be deposited in rivers is usually 
strictly controlled. Detergent foams are all too evident on rivers in 
some areas, but solvents and metals such as mercury, lead and copper 


are not so easy to detect. They are far more dangerous because they 
à s ) ) ) 


are poisonous. l 
Humans are also responsible for a lot of waste. We produce vast 


quantities of waste water and solids, and cheerfully forget about 
them as we pull the plug in the bath and flush the W.C. All this 
must be treated before it is discharged into rivers or the sea. 
So the treatment of water falls into three main types: 


1 Provision of clean water for household and industrial use. 


2 Control of impurities added to rivers and the land. 


3 Treatment of sewage. 
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3.5 
Drinking water 
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Most of the water that comes out of our taps is taken from rivers at 
places where pollution is low. This usually means above towns and 
factories, and away from places where dangerous impurities are 
likely to reach the water. 

Figure 2 shows the lay-out of a typical "water works’. 


covered storage secondary primary 
tank filtration filtration 
/ 


underground pipes — E E chlorination ut 
to houses and factories Ex 


Figure 2 A waler works. 


The river water is first ‘screened’. That is, it is passed through screens 
which filter out floating debris. It is then pumped up into a reservoir 
or sometimes high storage tanks. These need to be high up, so the 
water will flow under the pull of gravity. 

The water is then filtered through beds of coarse sand to remove 
the larger particles of suspended matter. These sand beds have to 
be washed clean at the end of each day. 

After this, a chemical called alum is sometimes added to help 
any finer particles of dirt settle out of suspension. Finally, the water is 
passed through more beds of even finer sand to remove the smallest 
particles of suspended solids. Sometimes, tiny organisms are grown I0 
this sand to feed on any bacteria in the water and so remove then 
The sand in these beds is replaced periodically when it gets clogged: 

After all this, the water is clean, but may still contain harm{u 
bacteria which cannot be filtered out. To kill these, a small amount 
of chlorine gas is dissolved in the water. Chlorine kills bacteria bu! 
is added in small amounts so that it cannot be smelled or tasted PY 
the people who are to drink the water. 

At last the water is ready for use, so it is pumped into covered 
storage tanks or reservoirs on hills, or even water towers if the Jan i 
is flat, so that consumers’ oy 


taps are supplied by natural gra 
pressure. 


3.6 
Sewage 
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Sewage is a different matter from river water. It contains washing 
water, waste products from our bodies, and anything else that goes 
down the sink, drain or W.C. People in the Thames Water Authority 
area produce 189 million litres of sewage each day! If it was allowed 
to flow straight into rivers without treatment it could well be a health 
hazard. Consequently all sewage must pass through a sewage works. 
So sewage works are an important part of our towns. 
Figure 3 shows the layout of a typical sewage works. 
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Figure 3 A typical sewage works. 


The raw sewage is first passed through screens to remove larger 
debris such as pieces of wood and rags, and other objects which 
ht damage pumps and other machinery. 

Next, grit and sand, which have been carried along from roads 
are allowed to settle out as the sewage slowly flows along 


mig 


and gardens, 
specially designed channels. 
Solids, or ‘crude sludge’ are then removed by allowing them to 


settle to the bottom of sedimentation tanks. This sludge is pumped 
away to ‘digesters’ where it is stored in tanks. Slowly, microbes turn 
the sludge partly into methane gas (which is a fuel, and is used to 
heat the sewage works and produce electricity), and partly into 
‘digested sludge’ which is sold as a low grade fertilizer, or sometimes 


taken out to sea and dumped. ] 
The impure water left after the sludge has been removed is 


sprayed into a bed of clinker or gravel. As it trickles through. 
microbes act on the bacteria in the water and destroy them. At the 
same time, the water absorbs oxygen from the air. This process is 


known as aeration. X 
Finally, the water 15 
ere chlorinated, it wou 


pure enough to be returned to the river. If 


itw Id be fit for drinking in many cases. 


Figure 4 
The shape of a soap 
molecule. 


Figure 5 
The washing 
action of soap. 


3.8 


Hardness of 
water 
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One important use for water is washing. If we want to clean i 
thing, we add soap, and agitate it in water. Soap isa compound called 
sodium stearate. You can read more about sodium stearate and its 


structure in chapter 13, but the shape of its molecules is shown in 
figure 4. 


VAVAVAVAVAVAVAS Wl 
oil soluble end water soluble end 
At onc end of the molecule is a group of atoms which dissolve in 
water. At the other end, is a chain of atoms which do not dissolve in 
water, but do dissolve in oily compounds. . 

Soap helps to wash clothes by breaking down the surface tension 
of pure water. Water acts as though it has a thin skin over its surface. 
and this prevents it from wetting certain surfaces. (Try running 
cold water over the back of your hand without using any soap. 
and see how it forms into globules that do not spread out.) 

When soap is added, the water soluble end of the molecule 
dissolves in the water, destroying the surface tension, helping the 
water to spread out and penetrate the cloth. This loosens the dirt 
particles when the dirty garment is agitated. Similarly, the oil 
soluble ends dissolve in any grease or oil, and break it down so that 
it is removed. (See figure 5.) 


water grease 
| 


eu 


material 


When soap dissolves in water, 
then the soap is destroyed, and 
instead. You must have see 
water. It isn’t all dirt! Som 

Hardness of water is ¢ 
pounds in the water. They 
calcium sulphate p 


it forms a lather, If the water is hard, 
a scum is formed on top of the water 
n the scum floating on top of your bath 
€ of it is destroyed soap. 

aused by calcium and magnesium com- 


are called calcium hydrogen carbonate, 


and magnesium sulphate. 


Take one example: 

calcium, sodium 
sulphate * stearate 
ithe hardness) 


calcium | sodium 

Stearate sulphate. 
(soap (scum) 
The soap and the hardn 
which is formed dissolve 


(You will learn more 


ess join to form scum. 
in the water and is n 
about equations and fo 


The other compound 
O use c 


oap. 
rmulae in chapter 7.) 


Figure 6 
Stalagmites and 
stalactites. 


2 
e 


Water 


Temporary hardness. This is caused by calcium hydrogen 
carbonate in the water. When it rains, tiny amounts of carbon dioxide 
from the air dissolve in the rain and form a very weak acid called 
carbonic acid: 

carbon dioxide + water — ? carbonic acid 


(this can be shown as: CO, + H:O — H5,CO0j). 


If this acid falls on limestone rocks, it slowly dissolves them: 


carbonic acid + limestone — 7 calcium hydrogencarbonate solution 


( HCO; + CaCO; — Ca(HCOs)2 ). 


(Remember, more about equations later.) 
This is how the hardness gets into the water. The limestone is 


slowly eroded. In fact, limestone rocks often contain caves and deep 
pot-holes where the erosion has been going on for millions of years. 
Another feature of hardness of water is the formation of stalag- 


mites and stalactites. (See figure 6.) 


stalactite . 


drips from the roof of a cave, some of the water 
evaporates to leave a solid deposit of limestone, releasing the carbon 
dioxide again. This happens very slowly. It takes millions of years 
for stalactites to grow down from the ceiling. As they do so, stalag- 


mites grow up from the floor: 


As the hard water 


calcium calcium carbon — 
ca water. 
hydrogencarbonate carbonate ` dioxide 
(hardness) (limestone) 


— 5 CaCO; +CO, HzO 
aused by calcium hydrogencarbonate is 


called temporary hardness, because it can be removed from the water 
by heating. The same thing happens as when water evaporates in 
caves. The limestone formed appears as a hard solid on the inside 
of the vessel in which the water is heated. We say it precipitates. 
This brings a problem. If temporary hard water is used in 
boilers or hot water systems, the limestone forms on the inside of the 
boiler or pipes. reducing the effective size of the pipes. If left un- 
treated, it can stop the flow of water all together, and cause the 
system to break down. 


You can see the limest 
inside of kettles in any hard water area. 


Ca(HCO3)? 


Hardness of water € 


one (often called scale, or fur) on the 
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3.9 
Cures for 
hardness 
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Permanent hardness. This is caused by water dissolving small 
amounts of calcium and magnesium sulphate from ground rocks 
as it travels on its way to reservoirs or rivers. It cannot be removed 
by heating, but it destroys soap just like temporary hardness. 

Quite often, water will contain the compounds which cause 
both permanent and temporary hardness. In areas where the water 
flows over chalk or limestone, the water is very hard. Where the 
water flows over insoluble rocks like sandstone or granite, the water 
is very soft because no chemicals dissolve. 


There are a number of ways of removing the hardness in water. 


l Boiling. As you have seen, ‘temporary’ hard water can be 


softened by boiling or heating it. This will not cure ‘permanent’ 
hardness. 


2 Distillation. Any type of hard water can be purified by distilling 
it. In this method steam boils off from the water, leaving the dissolved 
solids behind. This is how ‘distilled water’ is made, but it is expensive 
to prepare in large quantities. 
3 Addition of washing soda. This is 
carbonate, and its formula is Na,CO,. 
water, the unwanted calcium and m 
with the washing soda and precipit 
solids, thus leaving the water soft: 


a compound called sodium 
When it is dissolved in hard 
agnesium compounds react 
ate out of solution as insoluble 


sodium calcium calcium sodium 


carbonate sulphate carbonate sulphate. 
(Na,CO, + CaSO, — CaCO; + Na,SQ,). 
Washing soda was used with soa 
4 

You 


P before detergents were invented. 
Use of detergents. These aren 


ot destroyed by hardness of water. 
can read more about them i 


n chapter 13. 


calcium calcium 
hydroxide * 
ydroxide hydrogencarbonate 


(Ca(OH), + 


calcium 


bottom of the vessel. 


Summary 


Water 
41 


A blocked pipe caused by precipitation. 


flows through a container of calgon, and comes out soft, with the 
hardening compounds still there but not liable to affect the soap 


7 Ion exchange resins. These 


ing or completely purifying wa 
them in the extra ume section of chapter 9. 


are very efficient methods of soften- 
ter, and you can read more about 


At the end of this chapter, you should be able to: 


1 Describe the route which water takes as it goes round the 


‘water cycle’. 


2 Describe the qu 
in processes in the home. 


antities of water used by various industries and 


Suggest sources of impurities in water. 


3 

4 Describe how drinking water is prepared from river water. 

5 Describe how sewage is treated. 

6 Describe the washing action of soap and water. 

7 Explain how hardness of water is formed and how it destroys 
soap. 


8 Distinguish between temporarily and permanently hard water 
9 Explain how caves, stalagmites and stalactites are formed in 
limestone areas. 

ardness of water. 


10 List ways of curing h 
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Acid rain 


A NSE 
611 EMEN | 
The effects of acid rain. 


How do you know when you have got it? 
Rain is naturally acidic. If tested with univer- 
sal indicator, the PH value of rain is in the 
region of 5.6. Remember that pH 7 is neutral 
and the lower the number, the more acid it is. 
This then is nothing to get very excited about, 
but it is acidic nonetheless. 

However, the acid rain that is in the news 
now is caused by gases such as sulphur dioxide 
and oxides of nitrogen that come from a v. 
of sources. Acid rain shows u 
Start to corrode, or die. 

The photograph shows a Statue that has 
been eroded by acid rain and other impurities 
in the air caused by chimney smoke, car 
exhausts, and even household fires, Many 
ancient buildings, erected hundreds of years 
ago, are becoming so badly worn away that 
repair work has to be done to Prevent them 
from crumbling away altogether. In London, 
£95 million have recently been spent r 
limestone carvings on Westminster Abbey, 
that were put up only 90 years ago. Some 
people argue that these repairs should not be 
done, not because of the cost, but because the 
building is no longer original. 

Living things are affected too. Fish, ex- 
pecially newly hatched ones, are affected and 
killed by a slight increase in 


ariety 
p when things 


eplacing 


acidity in water, In 


Norway, authorities 
half their lakes have lost their fish stocks 
because of acid rain. Trees suffer too, In 
Scandinavia, one tenth of all forests are af- 
fected and in the Black Forest in Germany, 
some people estimate that the majority of their 
trees will by dying by 1990, 

‘British yew, bee 


estimate that more than 


ch, and other species of trees 
are showing strikingly similar damage to 
those already attacked by acid rain in other 
European countries, according to a survey 
by the Friends of the Earth, 


heir findings contradict those of the 
Forestry Commission quoted by the govern- 
ment at talks in Europe recently, They 
found no evidence of acid rain damage to 
trees although the 


Y agree that there had 
been freshwater damage. 

According to the Friends of the Earth, 
damage to trees similar to that caused by 
acid rain is Common in parts of Kent, Sur- 
rey, Hampshire, Dorset, Sussex, and Cam- 
bridge. Symptoms in yews include the ‘tinsel 
Symptoms’ identified by a West German 
government Survey, in which older needles 
die and Secondary branches droop. Damage 


to beech trees include ‘boat leaf where leaf 
Ups and surfaces go brown.’ 
Guardian 24.6.85 


What causes acid rain? 

No-one is absolutely sure. The main culprit 
seems to be sulphur dioxide. Fossil fuels—coal 
and oil—contain small amounts of sulphur 
either mixed up in them or combined in their 
molecules. When the fuels burns, the sulphur 
burns as well and sulphur dioxide is formed. 
Scandanavian countries put much of the 
blame for acid rain on Great Britain. They 
argue that coal and oil burning power stations 
in this country put 5 million tonnes of sulphur 
dioxide each year into the air. This is carried 
across northern Europe and is washed down in 
the rain as dilute sulphuric acid. The CEGB in 
Great Britain says however, that only 4% of 
our sulphur dioxide finds its way across the 
North Sea and that much of the sulphur 
dioxide that affects West Germany comes from 
Eastern European countries that burn soft, 
brown, and higher sulphur content coal. They 
also say that sulphur dioxide is not the chief 
culprit and that the death of trees may be 
Caused more by oxides of nitrogen, which along 
with unburnt hydrocarbons, come from car ex- 
hausts, Nitrogen oxides, NO, for short, dissolve 
to form dilute nitric acid, but in complex 
reactions in the upper atmosphere, form ozone, 
a very reactive gas which also plays a major 
Part in killing trees. 

Don’t forget that many industries, 
burn coal and oil and produce waste gases from 
their chimneys. Ordinary households also burn 
these fuels for warmth, hot water and central 
heating, 


too 


‘The environment minister flew home early 
yesterday from a conference in Helsinki 
before an agreement was signed committing 
Canada and 20 European nations to reduce 
sulphur dioxide pollution by 30%. 
International environment groups at the 
conference described his action as shameful. 
Greenpeace marked the event by sending 
three women volunteers 125 m up a crane at 
the Drax power station in Yorkshire." 
Guardian 


How does acid rain corrode and kill? 

Sulphur dioxide and nitrogen oxides are oxides 
of nonmetals. They dissolve in water t? form 
acids. Sulphur dioxide forms sulphurous acid, 


é à ; ci f 
Which changes into sulphuric acid. pue o 
Nitrogen form nitric acid. These acids dissolve 

s calcium 


lmestone very easily. Limestone 1 


powder as it 
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carbonate and all carbonates dissolve in acid. 

With trees, the chemistry is more com- 
plicated. It is not just simply that the acid in 
the rain kills the trees, or dissolves them like 
limestone. Ozone plays an important part too. 
It is thought that the acid releases aluminium 
and manganese salts from the soil and that 
these prevent the roots from absorbing water 
and nutrients properly. The end result is that 
needles fall off pine trees, the trees become 
stunted, the bark cracks so that diseases and 
beetles can get in and, eventually, the tree dies. 

In some ways, cultivation of forests is bad 
for trees! In untended forests, dead trees fall to 
the ground and rot, and calcium compounds 
from them get into the soil and neutralise 
acidity. In forests where trees are chopped 
down, this does not happen. Similarly, when 
acid rain does fall, it trickles slowly through the 
ground so that the acid is neutralised naturally 
by salts in the soil. In modern forests, where 
drainage systems are built, the water is rushed 
away before this can happen. The photograph 
shows trees in the Black Forest in Germany 
that are dying because of acid rain. 


What can be done? 
The simplest answer is to stop producing sul- 
hur dioxide and oxides of nitrogen. For oxides 
of nitrogen, this means redesigning car engines 
so that fuel is burned more efficiently (so that 
fewer unburnt hydrocarbons come out in the 
exhaust) and at a lower temperature, so that 
nitrogen and oxygen do not combine in the 
engine to form oxides of nitrogen. Much re- 
search is being done at the present time on so- 
called lean burn engines that try to do just that. 
With sulphur dioxide, the problem re- 
mains while coal and oil are burned in power 
stations to make electricity. However, there are 
a number of things that can be done. Coal with 
a lower percentage of sulphur in it could be 
used. In Britain, the average sulphur content of 
coal is 1.695. In Sweden, the maximum legal 
amount allowed is 0.65%. If high sulphur 
content coal has to be used, it could be washed 
out first of all with solvents. Alternatively, the 
coal could first be pulverised into a fine powder 
and then burned in a special furnace called a 
fluidised bed, where air is blown through the 
burns. This enables a lower 
temperature to be used, so less NO, is pro- 
duced, and if limestone is added to the coal, the 
sulphur gets turned into a slag of calcium 


sulphate. 
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Questions 
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1 Write a short paragraph to describe how a molecule of water 
can start off in the sea, and eventually arrive back in the sea after 
having visited a cow and a baby on its travels. 


2 Take a typical day in your life in which you wash your hair and 
take a bath. Estimate how much water you would use between 
getting up and going to bed. 


3 Makea list of your local ind 
farming. Try to find out wh 
materials are. Can you guess or 
into nearby rivers, streams or 
you if you ask them. 


4 Why does tap water from different ar 
different, even thou 


water works? 


ustries one of them might be 
at they make, and what their raw 
find out what they might be emitting 
sewers? They probably won't tell 


cas of the country taste 
gh it has been purified in the same way at thc 


5 Hot water will wash salt off a plate, but if the plate has grease 


on it the water will not have a great deal of effect. If some soap i5 
added however, the grease disappears. Explain why this is so. 


6 , Explain how caves and stalactites and stalagmites are formed 
in limestone areas, 


7 What is the 


difference betw 
hardness of water? 


cen temporary and permanent 


8 A sample of 10 cm? of distilled water needed | cm? of soap solu- 
eae g lather. The same amount of tap water needed 
cm” of soap solution to produce a similar lather. A second sample 


» it was found that it needed 


> 


P, if no detergent is available. 


4.1 


Models of the 
atom 


The structure of the atom 


l that atoms can be thought of as very small 
e broken down into anything simpler. That 
model or way of describing the atom is good enough most of the time, 
nced to consider what is inside that tiny sphere. 

From the beginning of this century, scientists knew that atoms 
could be made to give off tiny electrically charged particles which 
they called electrons. They knew that these were negatively charged, 
and that the remainder of the atom was positively charged. Js JT: 
Thomson, a scientist who did many important experiments trying 
to work out the structure of the atom, suggested that it looked like a 
miniature plum pudding with electrons as ‘plums’ embedded in 


the rest of the atom. 
A famous scientist called Lord Rutherford who was working at 
1911, did some experiments and worked 


Manchester University in me € 
out that Thomson's model was not quite right. He showed that the 
atom was made of two parts: a central nucleus, surrounded by 


clectrons revolving round it rather like planets around the sun. Later, 
in 1932, Sir James Chadwick found that the nucleus contained not 
only positively charged particles which he called protons, but also 
neutral particles which he called neutrons. The model of the atom 


which we will use is shown below. 


We saw in chapter 
spheres which cannot b 


but occasionally we 


* 
f * 
* 
* 
: w 
: i 
e nucleus containing 
e protons and 
3 neutrons 
* 
2 ; 
* SS $5 
a $5 
` ai 
e? 
ês 
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Figure 2 
The masses and 


charges of the atomic 
particles. 


4.2 
Atomic number 
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The facts in brief. The atom consists ofa nucleus iiri dat 
tons and neutrons, surrounded by üny Senton wii orb da 3 
it. Most of the atom consists of empty space! oe 1 
magnified until it is the size of a big football 8 on The 
is best represented by a marble at the centre of 1 i PEN 
electrons will be like specks of dust at various parts of the st: 
Everything in between would be space - nothingness! 1 1 
If you shrink all that down until the atom is only one Hir apum 
millionth of a metre across, you have an atom. So you can 10 1 
the diagram on the preceding page shows the nucleus an 
electrons very large compared to the size of the actual atom. ner 
Scientists have measured the mass of these particles and ipd 
electrical charges. Because they are so very small, the ordinary ndm 
of mass and charge which we use in everyday life cannot Pub 
So they are simply compared with the smallest atom hydrog 


One unit of mass is chosen to be the mass of a hydrogen. ini 
These units are called atomic mass unis. A similar method is usc 1 
for the electrical charge: one unit of charge is equal to the charge or 
the nucle 


, 
: a WO AE, 
us ofa hydrogen atom. The results are shown in figur 


particle mass electrical charge 
proton l +1 

neutron l neutral 

electron 1/1840 =] 


Think about these figures: 


1 The 


proton and neutron have 
mass unit. 


. E ic 
the same mass, of one atom 


2 The electro 
when it is comp 


3 
4 


n is so much smaller th 


: E 
at its mass can be ignore 
ared with protons and n 


Cutrons, 


The charges on the Proton and electron are equal but opposite. 
The neutron has no charge. It js neutral, 


To tell us more about the 
to use two more expressions. The first of th 
The atomic number of an element te 
present in one atom of that element. 
An atom is not electrically 5 

trons inside it are, So the positive charges of the protons must equal 
the negative charges of the e] at they cancel out. The 
ber of protons to be the 


Structure of the various elements we need 


ese is called atomic number. 
lls us how many protons arc 


4.8 


Mass number 


Ihe structure of the atom 


In an atom, the number of protons is equal to the number 
of electrons. This number of protons or electrons is called 


the Atomic Number. 


the atomic number of aluminium is 13. An atom 


For example: 
protons and 13 electrons. 


of aluminium contains 13 


The second expression which we need to use is mass number. 
The mass number of an element tells us how heavy an atom of that 
element is. Since electrons are very light compared with protons 


and neutrons, their mass 1s ignored. 


mber of an element is the sum of the 


The mass nu 
lus the number of neutrons, in one 


number of prgtons P 
atom of that element. 

For example: the mass number of aluminium is 27. This means 
that in an atom of aluminium there are 27 protons and neutrons 


altogether. 
These two piec 
the symbol like this: 


es of information are quite often written with 


mass number oyy 
SYMBOL 
atomic number 
1 
For example: 27 AI 


aluminium has: 


‘This means that an atom of 
here are 13 protons and 


Atomic number — 13 which means that t 
13 electrons. 
Mass number 
But, the number o 
= 27-13 = 14. 

An atom of alum 


13 electrons. . 
ligure 3 shows the way in which thee 
neutrons and electrons. For each element: 

the number of protons = the number of electrons = atomic number: 
the number of neutrons = mass number — the atomic number. 
This information may be summarized for all the elements. The 


figures for the first twenty elements are shown in figure 3 on the 


next page. 


sum of protons plus the neutrons — 27. 


= 27, so the 
13, so the number of neutrons 


f protons = 


ninium contains 13 protons, 14 neutrons and 


lements are built up of protons, 
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element atomic number number mass number ef 
number of of number neutrons 
protons electrons (mass number 
-atomic number) 
H l l l l 0 
iHe 2 2 2 l 1222 2 
JLi 3 3 3 7 7-3=4 
{Be 4 4 i 9 9-425 
BB 5 5 5 1] 1l=5=6 
150 6 6 6 12 12-6=6 
14N 7 id 7 14 = Sof 
"20, 8 8 8 16 l6-828 
DF 9 9 9 19 19-9 = 10 
20Ne 0 10 10 20 20 — 10 = 10 
11 Na l l 11 23 W p 12 
12 vlg 12 2 2 24 24— 12 = 12 
73Al j 3 13 oF 2703 = 0 
1951 14 14 1 28 28 — 4 = 13 
HP 5 5 5 31 31-15 = 16 
15 6 6 16 32 32 — 16 = 16 
1701 7 7 7 35 35 —17 = 18 
isAr 5 8 8 10 10-18 = 22 
19K 9 9 I9 39 39 — 19 = 90 
eoe 20 20 20 10 


Figure 3 The structure of atoms of the first twenty elites) 
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Isotopes 
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The number of neutrons in the atom of an element can vary. 
For example: an atom of chlorine can contain either 18 or 
20 neutrons. The symbols for these different atoms are written as 
35C : 
13 Cl and 22 CIL. 
35(* : 7 3 
33CII contains 17 protons, 17 electrons and 18 neutrons; 
370 : 7 3 
33CI contains 17 protons, 17 electrons and 20 neutrons. 
They are both chlorine atoms because they both have the same 
and electrons, but the second one has two more 


number of protons 
d isotopes of chlorine. 


neutrons. They are calle 

Isotopes are different forms of the same element. They 
have the same number of protons and electrons but different 
numbers of neutrons. They have the same atomic number 
but different mass numbers. 

If you look in the list of accurate atomic masses at the back of 
the book, you will see that the atomic mass of chlorine is given as 
35-453. This is the relative atomic mass of chlorine and it is the average 
mbers of the two isotopes of chlorine in the proportion 
in which they exist in naturally occurring chlorine. Naturally 
occurring chlorine contains 75% of ?3Cl, and 25% of 33Cl. So you 
can see that the relative atomic mass is going to be much nearer 35 


of the mass nu 


than 37. 
From the table at the back of the book, you can see that the 
iss for many of the elements is not a whole number. 
f a mixture of naturally occurring isotopes. 
mixture, we must always use the 
bers are only used for pure isotopes. 
nt which has isotopes is hvdrogen. 


relative atomic mé 
These elements consist o 

For elements which are a 
tomic mass. Mass num 
xample of an eleme 
f hydrogen: 


iH 


tritium. 


relative a 

Another € 
There are three isotopes o 
1H HO 
hydrogen deuterium 
1 see from the mass numbers that an atom of hydrogen has no 
n its nucleus; deuterium has one neutron, and tritium has 
Each isotope has one proton and one electron. 
vdrogen contains 99:985, of H and 0-015°,, 
of 1H. Tritium is an artificial isotope. It A e one iiie d 
and has only been made in nuclear reactors. ot d ei eiit 
mass of hydrogen will be the average of the mass 1 0 y rogen 
and deuterium according to the percentages m xd 4 CES occur. 
and the value comes to 1-008. It is close to 1 because hydrogen 15 by 


far the most common isotope. 

Most of the time, if an eleme in 
of them is present ina very large di. iat 
atomic mass is taken to the nearest s j a 
number of that isotope. But not always. = 


and copper is another. 


You cat 
neutrons 1 
two neutrons. 
Naturally occurring h 


nt is made of several isotopes, one 
so that when the relative 
mber this gives the mass 
hlorine is one example. 
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4.5 ; ?Iecrrons differ 
The The electrons in an atom orbit round the nucleus. Electrons od 
arrangement from each other in the amount of energy that they aie 255 
of electrons electrons which are near the nucleus have a low enen tae or 
further away have high energy. Electrons orbit the nucleus in spe 3 
regions called shells. The position of cach shell is like the skin 505 
balloon round a nucleus in the centre of the balloon. Electrons cen 
very close to each shell. The shells are positioned at fixed distances 
from the nucleus. (See figure 4). 
"- eM RR oe 
A 
Fd X 
ra 2 
F # A 
E: $ 
i f t 
H H i 
$ f i 
4 & E 
* E & 
& E H 
5. 
5 
Figure 4 tee 
Shells of electrons xm 
around the nucleus. 


Each shell can contain only a 


study the first 20 elements. 


; te shall 
certain number of electrons. We sh 
you will see that: 


As the number of electrons builds uP: 


the first shell contains a Maximum of 2 electrons; 
the second shell contains a maximum of 8 electrons; 
the third shell contains a Maximum of 


8 electrons; 
The structure of the fourth shell is complicated and shall not be 
studied here. 
Figure 5 shows how the clectrons fit into the shells. Figure 
shows the electron arrangement of a selection of atoms. 
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element atomic number Ist 2nd 3rd 4th 
number of shell 
electrons 
H 1 l Ll 
He 2 2 25 Ist 
shell full 
Li 3 3 2 1. 
Be 4 4 2. 2. 
B 5 5 2. 3. 
C 6 6 2 4. 
N 7 7 2 5, 
O 8 8 2. 6. 
F 9 9 2 * 
Ne 10 10 2. 8. 2nd 
shell full 
Na 11 11 2. 8. L. 
Mg 12 12 9. 8. 2. 
AL 13 13 2. 8. 2: 
Si 14 14 2. P H 
P 15 15 2. 2 
S 16 16 9 8. 6. 
Cl 7 17 A E : d 
‘ ; à 3n 
Figure 5 Ar 18 n shell full 
The electron K 19 19 2 8. 8. 1 
arrangements of the C: 20 20 2 8. 8. 2. 
Jirst twenty elements. E G 


qnie, 


vtt Quo corn 
jf . „nn, 
: 1 0. 5 2 
& P * > £ 6p 
ew 9 ù eo 2 
9 m * * ] 
2 E - % 6n * 
2 4 2 7. 
Ecos s 
„ est? 
h n chlorine 
ne 
Ydrogen carbon 2.8 2.8.7. 
1 24. 


Fi : 
" p nS. 
Sure 6 The electron arrangements of some atom 


"e, 
LT 


or 
pe 


4.6 
The Periodic 
Table 


Li Be 


Li Be 


Na Mg 
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Once the arrangement of the electrons in atoms was understood, a 
scientist called Niels Bohr finalized a diagram showing most of the 
information known about the elements. He started with clement 
number | - hydrogen, and followed it with number 2 helium. 


He listed the atoms in order of increasing atomic number, putung 
those with filled shells on the right hand side, and those with only one 
electron in their outermost shell, on the left. For example, helium has 
a full shell of electrons, so he put it at the end of the first line. The next 
clement - lithium (Li) had one electron in its outside shell. So he 
started a new line with it, and followed it with the elements in order 
of their atomic numbers, until he again had a full outside shell on 
the right hand side - this time with neon (Ne). 


He 


silos es t 
an tell chemists a great deal abou 


group group 


Li Be 
Na Mg 
K Ca 
Rb Sr 
Cs Ba 
Fr Ra 
Figure 7 


Sc 


Ac 
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group group group group group group 


lí 1v v WW MI 0 

H He 

B Cc N 0 F Ne 

Al Si P S GI Ar 

Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr 

Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn, Sb Te l Xe 

Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn 

SS MEE 

Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm, Yb. Bu 
Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lw 


The Periodic Table. 


on the left-hand side of the 
ble is called a Group. So this is 
he elements lithium, sodium, 


Look at the first vertical column 
table. A. vertical column in the ta 


called Group I. Group I contains t r s 
potassium, rubidium and caesium. Francium is radioactive and 


not naturally occurring. You can sce from figure 5 (and the fact 
ith this in mind!) that each of these 


that the table is drawn up W 
elements has only one electron in its outside shell. Because of this 
they all have very similar properties and chemical reactions. 
Similarly, all the members of Group II of the periodic table 
(look at figure 5) have two electrons in their outside shells, and conse- 
quently, magnesium, calcium, strontium and barium have similar 
properties and compounds. At the other side of the table, Group VII 
elements, fluorine, chlorine, bromine and iodine are also very alike. 


They all have seven outside shell electrons. weer 
cles Il is called Group 0, to distinguish it from 


The last group ofa à 
all the others. The clements helium, neon, argon krypton and xenon, 
and this makes them very 


] outside shells of electrons; 
de qe lled the inert, or noble gases. 


unreactive. Because of this, they are cà s 
in in more detail how the number of outside 


ill expla 
Chepe B A aaoi the way in which the elements react. 
You can now see why this table is called the periodic table. 
All of the elements which have the same number of electrons in their 
outside shell occur a or periodic intervals. Thev are in 
columns in the same Group. The horizontal rows 1n the table are 
called Periods. All the elements 1n the same Period have the same 


number of shells, with the last shell just filling up. 
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4.7 
Radioactivity 


4.8 
Radioactive 
particles 


4.9 
Uses of 


radioactivity 
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The isotopes of most elements have atoms which are stable. In other 
words, electrons may be removed from, or added to their outside 
shells in a chemical reaction, but the number of protons and neutrons 
in the nucleus does not change. Some isotopes are unstable. Their 
nuclei break apart, forming smaller atoms. Small particles and 
energy are released. Isotopes which do this are called radioisotopes, 


and the particles and energy which they give out are given the 
general name, radioactivity. 


There are three different types of radioactive particles. The first 
type are a (pronounced alpha) particles. These are atoms of helium 
which have lost their electrons. They are called helium 207s. 
a. particles are unable to penetrate more than one or two sheets of 
paper, so they are easily stopped. They cannot go through skin and 
provided an isotope is not emitting -particles too quickly, it is not 
dangerous. If it were to be inside the body however, it would be 
quite a different matter. 

The second type of radioactive particles are called $ (Beta) 
particles. They are very fast moving electrons which come from 
inside the nuclei of radioactive atoms. H-particles can pass through 
several millimetres of metal foil before they are stopped. : 

The third type of radioactivity is called y (gamma) radiation. 
Vrays are very much like X-rays, but are much more penetrating 
and dangerous. Y-rays can pass through 15cm of lead before they 
are stopped. Like a- and B-particles they damage cells when they 
pass through human tissue and can cause bad burns which take 4 


long time to heal. In extreme cases of exposure to radioactivity» 
tumours or cancers 


can be started i ri ans of the 
body lil the 12 rted in bones or vital organ 


Figure 8 


; 
JS 

; e of an a-source 

© control an 


industri, 
dustrial process. 
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This is a 'gamma camera ` picture of a human brain. It isa 


side view, with the patient ss face looking to the left. The black 
area is the brain, and the two while s pots are brain tumours. 


also have many industrial uses. They 


Industry. Radioisotopes 2 
he flow of materials in a production 


are often used for monitoring t 


line. 

In the paper mill shown às à diagram in figure 8, the thickness 
of the paper depends on how far apart the rollers are set. If the paper 
for some reason becomes either too thin or too thick, the detector 
receives more or less u particles, and so it adjusts the rollers auto- 
matically. The thickness of the paper on which this book was printed 


was contr 


olled in this way- 


5 2 
(oO y-detector 
paper C) controls space 


fibre between rollers 


paper rolled up 


one 
neutron 
causes... 


Figure 9 


one 
uranium 
atom to 
split... 


A chain reaction. 
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Atomic Energy. Probably the first uses of radioactivity 
most people think of are the atom bomb, and the nuclear reacto f 
Before the second world war, scientists found that an atom 0 
uranium could be made to decay into two smaller atoms when it 
was bombarded by a neutron: 
233U +n — SeKr-- ! 22Ba 4- 3n Theat. 
Each uranium atom releases 3 neutrons when it splits. These in turn 
split 3 more uranium atoms and these 3 split a total of 9 morc. "m 
process is called nuclear fission (See figure 9.) A chain reaction bul d 
up in a fraction of a second, and ifa large piece of uranium is used; 
an enormous amount of heat energy is released within seconds. This 
is what happens when an atom bomb explodes. 


making it plus 

give off three 

heat and more 
radiation... neutrons... 


which will 
cause three 
more uranium 
atoms to split... 


Ld. 


which will give off 
more energy, and 
nine neutrons, which 
will cause... 


In a nuclear Teactor the chain reaction is not allowed to reach 
explosive point. This is done using a moderator which slows dow? 
neutrons. Graphite is a moderator, and this surrounds the uranium 
oxide fuel which is contained in special tubes. 

In addition, control rods made of boron are lowered into or raised 
out of the centre of the 


3 jxcess 
reactor (called the core) to absorl exce 


d by the nuclear re 
Stream of 
ake steam 
te ge 


action in the core is carried 
Carbon dioxide. The extremely 555 
in giant boilers. The steam drives 
nerators. These feed electricity into the 


m 50 

from the core of the reactor.“ 
; z ra 

to a thickness of sever 
used z 5 The 
to load and unload the fuel tubes. Th 


dés „(et 
ftin giant underground wat 


ur 
RS 
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tanks for a while. In the water, the rods glow with a strange, blue 


light (shown on the front cover). After a while they are put into 


permanent storage. Figure 10 shows the layout of a typical nuclear 


power station. 


EI concrete shield 
— control rods 


fuel rods 


steam 
turbine 


hot gas 


steam 
— 


generator 


A nuclear power station. 


At the end of this chapter you should be able to: 


1 Name the three particles found in the atom, and give their 
relative masses and electrical charges. 


2 Describe how these particles are arranged in the atom. 


3 Explain what is meant by the terms atomic number and mass 


number. 

4 Calculate the mass number and atomic number of any element 
from details about the number and type of particles in its atom, and 
vice-versa. 

5 Explain the à 
nucleus of an atom. 
6 Work out the number of electrons in the shells of all of the first 
twenty elements. 


7 Explain the meaning of 
of an element which has isotopes 


8  Distinguish between the terms mass nu 


mass. 

9 sketch the approxim 
first 20 elements into their € 
10 Explain wha 
11 Describe the thr 
penetrating power. 
12 Describe the uses 0 
13 Describe in simple ter 
lead to the production of 


reactor. 


rrangement of electrons in shells around the 


the term isotope, and give an example 


mber and relative atomic 


ate shape of the periodic table and put the 


orrect places. 
Groups and Periods in the table. 


t is meant by 
and compare their 


ec types of radioactivity, 


f radioisotopes in medicine and industry. 
ms how the fission of a uranium atom can 
electrical energy by means of a nuclear 
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Figure 1 Photo ofa model of the Sizewell B power station. 


Sizewell B 
In 1983, a public en 
the CEGB's appli 
nuclear reactor at Sizewell in Suffolk. This was 
to be placed next 
would be called S; 


tremendous amo 


ten and read during this time. 
Those speaking on the side of the CEGB 


rgy, British 
ational Radiological 
the Nuclear Install- 


included the Department of Ene 
Nuclear Fuels, the N 
Protection Board, and 


steel 
pressure 


98888 pressuriser 


concrete 
Shield 
steam 
generator 


ations Inspectorate, Among those opposing 5 
new reactor were the Friends of the Earth, ! 
Council for the Protection of Rural aes 
The National Union of Mineworkers, ¢ 


a s: lear 
C, and the Campaign for Nuc 
isarmament, 


The Pressurised water reactor ad 
In all sorts of nuclear reactors, as you can re lit 
earlier in this chapter, atoms of uranium T 
into smaller fragments and release tiny pà to 
icles called neutrons, These neutrons go on d 
Split more atoms, This process is called gue 
fission. At the same time, a lot of heat d 
Produced and this is the main product o i 
nuclear reactor. The heat is then used to ye) 
Water and make steam. Steam under hig 


EDD generator 


Figure 2 


Diagram of PWR 


5 spiñ a turbine and this in 
1 oo, s perator to make electricity. A 
electrical ene X P ts nuclear energy into 
ne rgy. 
1 à uranium used in the reactor is 
be sealed u d ii whole of the reactor core must 
eran js E that no radioactivity escapes. 
etin a 53 VER from the reactor must get 
transfers he 2 All reactors use a coolant that 
TO Dye from the core to the steam 
tare 5 E he PWR, water pressurised to 
itd, At d "ines atmosph pressure is 
does dr 5 water stays liquid and 
inside the ice though it reaches 300*C 
used at the m fons In the majority of reactors 
is used as th Mr: in Britain, carbon dioxide 
layout Fd P L oolant. The photo shows the 
a PWR. 

they mins PWRs are new to this country, 
ned in USA ; e They were first desig- 
submarines pe compact r "actors for nuclear 
Use them per 5 55 16 countries in the World 
and France : : m Japan, West Germany, 

% of ma mac a 21 of them producing 
More so that W and intends to build 
1999, ob its electricity is nuclear by 


8 GB's case 
Power cient is made in this country in 
ations that burn coal, oil or usc 
aio 80% of our electricity is 
Tom oil. T} puring stations with 90% coming 
110% of f. he CEGB hopes to increase the 
Supply 1 electricity to 20% as the 
century Th decreases towards the end of the 
this way: hey justify their choice of PWRs in 


Py 
reet cheaper to build than ordinary 
take 5 1 estimate that a PWR will 

£1590 milli million to build compared with 

€acto illion for an Advanced Gas Cooled 
r. 
will bae will be cheaper to run and repairs 
lished į ess because they are well estab- 
Th, other countries. 
e last 10 years longer than 
5 1n use at the moment. 

Would uy are very safe. Regular checks 
specto; made by the Nuclear Installations 
arge sc rate. Estimates are that the risk ofa 

scale uncontrolled accident with this 


Sort 
of rez d ; p 
Years reactor is less than once in 10 million 


the 
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Points against 
Although many things were discussed such as 
the effect that a new power station would have 
on the environment, probably the factor that 
most people worry about is safety. It is impos- 
sible for a nuclear reactor to blow, like an atom 
bomb, but there are many ways in which 
radioactivity might escape. This might 
happen: 
When nuclear fuel is being transported to 
the power station. 
When waste material is being taken from the 
power station to places where the waste is 
treated or stored. 
If there is a fault or break-down in the 
reactor itself. 


Nuclear reactors cannot blow up because con- 
trol rods inside the core prevent the chain 
reaction reaching explosion point. But if there 
is a failure in the pressure vessel which holds 
the pressurised water, then radioactivity can 
escape. 
‘Another possibility is that there might be 
some fault that stops the supply of pressurised 
water to the core. Without any cooling, the 
core temperature would soon rise to the point 
where the uranium fuel might melt or react 
with any water left in the core to form explosive 
hydrogen gas. Obviously, there are emergency 
systems to cope with this, but in the highly 
unlikely event of them failing too, the inside of 
the core would get white hot and the whole 
reactor would break up- This is called a ‘melt- 
down’. In the USA, this is also nicknamed ‘ The 


China Syndrome’ because any molten uranium 
might not stop until it reached the other side of 


the Earth China! 
The chances ofthis happening are remote: 


safety systems built into reac- 
But small accidents do happen, and 
re quickly put right and no-one 
e remember them. 


there are many 


tors. 
although they a 
is injured, peopl 


The Three Mile Island incident 

Three Mile Island is a PWR in Pennsylvania, 
USA. On March 28th 1979, at 0400 hin the 
morning, pressure started to build up inside the 
reactor core. It is thought that air got into a 
water pump, and although there were back-up 
pumps designed to take over in an emergency, 
these were out of order. As soon as the pressure 
started to build up. a pressure relief valve 
opened automatically to allow some of the 
water to escape into the atmosphere as steam. 
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Unfortunately, the pressure relief valve did not 
close when the pressure returned to normal, 
and the water level in the core started to fall, 
allowing it to heat up. As soon as this was 
realised, the reactor was shut down and pres- 
sure restored to normal, but radioactive steam 
had been released into the air, and asa safety 
precaution, people in the near vicinity of the 
power station were evacuated. ; l 
When the accident was fully investigated, 
it was realised that the power station engineers 
had not immediately realised what was hap- 
pening because instruments gave false readings 
due to huge bubbles ofhydrogen gas inside the 
reactor core, caused by uranium and water 
reacting together. This was something that 
they had not predicted and could not explain. 


In other words, something had happened for 
which they were not prepared. 


Disposal of waste 

When the uranium fuel from the reactor has 
€ removed. Sometimes, 
utonium, for warheads, 


has to be 
ply be dumped because it 


tive and will remain so for 


been used it has to b 
biproducts such as pl 


are removed from it, but after that, it 
stored. It cannot sim 
is still highly radioac 


thousands of years. It has to be stored where it 
cannot leak out into the ground or the water 
supply; where the radioactivity cannot get ies 
the air, and where it cannot be stolen o 
misused. 


Here are some of the methods used; 


Itcan be made into liquid form and stored 
in tanks. These tanks need frequent checking 
and maintenance in case they start to e 

They can be put into steel drums de 
dumped at sea where the water s aa 
Many people, such as an organisation ca ae 
Greenpeace (see the photograph), violen J 
object to this. They say that the dangers s 
the radioactive material leaking out are 155 
great. Marine life and possibly human li 
would be endangered. like 

It could be made into a solid glass 1 à 
material and shaped into small discs 1 
can be handled and stored. The glass discs 
could then be buried deep in the groun 
where the rock is suitable, so that the 8 
bility that the radioactivity will leak . 
small. Needless to say, many people ame 
this idea, especially those living near to t 


chosen area, 


Questions 
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1 From the information in the chapter and at the back of the 
book, find out the atomic numbers and mass numbers of each of the 
following elements: fluorine, calcium, lithium, sulphur and neon. 

Make a sketch of their atoms, showing the numbers of protons 
and neutrons in their nuclei, and the arrangement of their electrons 


in shells. 
2 An clement, X, has the mass number of 14 and its atom contains 


Calculate the number of protons and electrons that it 


7 neutrons. 
clement X really is. What will 


will contain, and then find out which 
nt of its electrons be in shells? 

s. The first has 11 protons and 
ons and 12 electrons. Are they 


the arrangeme 


3  Twoatoms both have 12 neutron 
11 electrons and the second has 12 prot 
isotopes? Explain your answer. 
; 12 we PE 

4 Carbon’s structure may be written as 60. It has an isotope 
which has the mass number of 13. Write the symbol for this isotope 
and describe its structure. 
its outside shell. Which 
will it be in? It has three shells of 
riodic table will it be in? 

It has a full outside shell of 
ble will it be in? 


5 Aluminium has three electrons in 


Group of the periodic table 
electrons. Which Period of the pe 
noble gases. 
f the periodic ta 
eriodic table and put the 


6 Argon is one of the 
electrons. Which Group o 
e sketch of the p 


7 Make an outlin 
ct places. 


following elements into their corre 


electron arrangement 


element 

a E x. 

b 2. 8. 4. 
c 2: 857 
d 2: 

e 2. 8. 8.1 


order of their penetrating 


f radioactivity in eir i 
ith y-radiation, describe 


8 List the three types ° 1 e 
power. If you had to do some experiment: 


the sort of precautions you would take. ] 
re quite safe enough to be put into the 


ntities. Can you think of a way in which 


9 Some radioisotopes 4 
a leak ina pipe-line without digging up 


water supply in small qua 
the Water Board might find 
tonnes of earth to locate it: 


al 
How do atoms 
combine? 


How atoms combine 


We saw in the last chapter that each shell 


„us of an 
around the nucleus of 2 
atom contains a certain number of ele 


ctrons, up to a maximum. 
The first shell can contain up to 2 electrons: 


the second shell can contain upto 8 electrons: 


the third shell can contain up to 8 electrons. 


After that, things become complicated. 

The elements which have 
mum number of electrons are 
Group 0 of the periodic table 
gases. They do not react be 
outside shell of electrons is 


an outside shell containing a . 
very unreactive. We put them i 
and call them the inert, or nake 
cause they have no reason to do so. I es 3 
full. All the other elements are —G 
because they have incomplete outside shells. : 
aiming to have full outside shells, 
They can do this in one 
Group I metals, lithium, so 
only one electron in their ou 
in order to lose this e 
a place where electr 
one, and it is full. 


In reacting, they 


of two ways. Look at figure 1. Find oa 
dium and potassium. They each ha s 
tside shell. When they react, they 5 ly 
lectron. The shell disappears because it is uer 
ons are. The next shell in becomes the outs!¢ 


, , ; ; they 
UE 4 5 react in this way, and that is why tl 
all have similar chemic; ies: ompounds r 
3 a = -— ain. 
.. Group II metals react in à similar way. Look at figure | ABA 
Each Group II met Ctrons in its outside shell. It 10 
ake its outermost shell full. ane 
: : VII elements have seven elect! 
in their outside shells, so they w in one electron to ma? 5 
: 4 ii 
Hm Bp tS Right -z Group VII elements react E 
this way, and that is why they all ave similar chemical reactio! 
and compounds, Compounds made by elements gaining or Josie 
electrons are given a special name. They are called ‘electrovale” 
compounds. E 


a full shell. All the 


Figure 1 
nis electron 
T 
_ Tangementy of the 


first 
twenty elements 


Ei 
“ctrovalency 
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element atomic number Ist 
number of shell 
electrons 
H l l It u 
He 2 2 2. Ist 
l shell full 
Li 3 3 2. l. 
Be 4 + 2. 2. 
B 5 5 2: 3. 
C 6 6 2. + 
N 7 7 2. Dx 
O 8 8 2. 6. 
F 9 9 2 7. 
Ne 10 10 2 8. and 
shell full 
Na T 11 2 8. ^1 
Mg 12 12 2 8 . 
Al 13 13 2 8 3 
Si E 14 2. a, ? 
P 15 15 2. 8. 5. 
S 16 16 2. 8. 4 
Cl 17 17 2 8. ‘s 
Ar 18 18 2 » & a, 
shell full 
K 19 19 9 3 AE 
Ca 20 20 2 8 * à 


hen they react. Group 
They cannot lose those 
der to fill their outside 


lose or gain electrons W 
IV elements have four outside shell electrons. 
four, neither can t more in Or 
shell. Instead, they T€ haring electrons with other elements. 
Compounds made by elements sharing electrons are said to be 
covalent compounds. Most of the groups towards the middle of the 
table make covalent compounds. 
The next two sections deal 


nt com pounds. 


separately with clectrovalent and 


covale 


bonding is to look at some 


derstand this type of bo 
four paragraphs explain the structures of some 
ompounds. 


The best way to un 
examples. The next 
typical clectrovalent € 


Chemistry matters 


š " ; «fs curred 
The structure of sodium chloride. When sodium is hc € 
in chlorine gas, the compound sodium chloride is formed ed - 
is given off. A solid and a gas form a hot, white crystalline solid : 
sodium + chlorine —> sodium chloride (salt). 


o " ý rine 
We know from the last section that both sodium and 5 5 
(Groups I and VII), react by losing and gaining electrons respectively. 
Look at the arrangement of the electrons: 

Na + Cl 
2. 8. . 2 8& 34. 


In both cases, the two inner shells 
in the bonding. Only the outside s 
they can be shown more e 


:vnlved 
are full, so they are not involv h 
din: —- an 
hell electrons are important, i 
asily on a diagram: 
T the 
[4* TX * and x represent electrons from 
Na i d | whee 
outside shells of the elements. 


When the two elements react, the 
shell electron, and the chlorine 
both get a full outside shell. 


" š . side 
sodium atom loses its onc ga ay 
atom takes it in. In this way, t 


, ns. 
no longer neutral ato! 


" 3 er 

sodium atom is no long : 

come! 

too few. It has becom 4 

: ala redo 
om is no longer balanc 


1 as become a chloride ion. 
Ions are atoms which have ej 


"T a p ber 0 
charges dep Sauvely charged. The num 


or 
; ) ber of electrons they have lost 
gained. Back to sodium chloride: 
Xx 
Na*^ 4 ™ qx * "IX 
xClx — —» Na + xClx 
sodium atom chlori sodi i 
arine sodium chloride 
a : 
om Jon 10n J 
wY 


these two ions make up the 
compound sodium chloride. 


an 


How atoms combine 


the chloride has gained ie sans Dr ded s 
chlo g one negative charge. The charges on the 
sodium ion and the chloride ion are equal and opposite. They balanc 
cach other out, and the formula of sodium chloride is NaCl You 
will learn more about how to write formulae in the next chapter. T 


Ihe sodium has gained one 


Lithium metal will burn 


The structure of lithium fluoride. 
e substance called lithium 


in fluorine gas to produce a white crystallin 


fluoride: 

lithium + [luorine — lithium fluoride 
2. ] > 7 
2. A 2. bs 


p p SI 


fluoride ions are formed, 


ns. Lithium and 
and fluoride ions, and the 


f lithium ions 


LiF. 


The same thing happe 
Lithium fluoride is made o 
formula of lithium fluoride is 


Magnesium burns in 


um oxide. 
a white ash called 


The structure of magnesi 
flame to form 


oxygen with a bright white 
magnesium oxide: 


— magnesium oxide. 


magnesium + oxygen 
2. & 2. $ 6 
"T ex^ 
2 
NM TOF — Mg + Ox 
xx 


ns to empty its shell. 
fill its shell. so 
s now lost 


lectro 


ose two E 
trons to 


tom needs to l 
needs to gain two elec 
. The magnesium atom has ni 
a magnesium ion with two 
aed two negative 
h two negative charges. 

1 ions and oxide ions. 


‘The magnesium a 
and the oxygen atom 
two electrons are transferred 
two negative electrons and become ger 
positive. charges. and the oxygen arom has 82" 
electrons and become an oxide ion win 

Magnesium oxide is made of magnesiun 


and its formula is MgO. 
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The structure of potassium sulphide. Potassium and 
sulphur react together violently to make the compound potassiu 
sulphide: 

potassium + . sulphur — potassium sulphide. 
2: 8 8. L 2. 8. 6: 


Each potassium atom 


x P ose. 
has only one outside shell electron to | 
The sulphur atom need 


: ES ide shell. 
s to gain two electrons to fill its outside sh ee 
So two potassium atoms lose one electron each. Two potassium ! 


sium 
and one sulphide ion are formed. They join to make potassiun 
sulphide, and its formula is K,S. 


lithium fluoride, magnesium oxide, at 
all substances containing ions. They pe 
„ (There are more examples of this 80 

at the end of the chapter) id 
he first twenty elements form ions a! 
ve. — 
that except for the inert ae 
y on the left hand side or t 


rey to lose O" 
inl got enough energy tc 
8ain large numbers ; so do not form ions. 
group group group 
| " group group group group group € 
HO w v vio VII 


0 
H* n 
ion 
2+ 
; no 
Li* Be nO no no o" F- ion 
m lon ion ion 
Na* Mg no 
Al pa nO ge gi. ion 
2+ 


ion ion 


Figure 2 The ions of the first twenty elements. 


3.3 

Covalency You can see from fig 
they react, they ha 
covalent compounds. Carbon 


i y 
> Nitro en an . ; ATO got 
examples of elements Which form k d phosphorus : 


Figure 3 
] he full outside shells 
f electrons in a 

Molecule of 


methane. 


How atoms combine 


The structure of methane. Carbon atoms and hydrogen 
atoms are joined together in a compound called methane: 

Q + 4H — CH, 
2. 4. I. 


(This reaction does not actually 
take place; methane is made 
by another method.) 


a methane molecule. 


atoms share electrons in order 


outside shells. The carbon atom now has eight electrons, 
atoms has two electrons in its outside 
1 needs for a full shell. The compound 


(See figure 3.) 


‘The carbon atom and four hydrogen 
to fill their 
and each of the hydrogen 
shell that is all each of then 
has been formed by sharing shell space. 
The structure of ammonia. Ammonia is a gas which is made 
from nitrogen and hydrogen: 

nitrogen + hydrogen — ammonia 


N ¢ 3H —* NH; 
2. 5. l; 


oo 
3Hx— H£N*H 
H 


+ 


m shares electrons with three hydrogen atoms to 


One nitrogen ato 
e of ammonia. 


form one molecul 


The structure of phosphorus(III) ca e] i Toot 
and chlorine react to form a colourless liquid called phosp ‘ ) 
chloride: 
II) chloride. 
phosphorus + chlorine phosphorusil cn 
P 300 — PCL 
. » 2. & vis 
xx oe Cl 
xx - s C 

>y poe —* "E HL 

° * Te 
xx 


ide is for and the phosphorus 
A molecule of phosphorus HT) chloride Meere shells ds sharing 
and the three chlorine atoms get full outs D ) 
clectrons. 
(There are more 


end of the chapter. 


a the questions at the 


examples like these 1! 


68 


5.4 
Differences 
between 
electrovalent 
and covalent 
compounds 


Figure 4 
The sodium chloride 
crystal lattice. 


Chemistry matters 


4 "or this 
Electrovalent compounds are made of ions. For t 
reason, they are sometimes called ionic compounds. 


E 'ontain 
Covalent compounds are made of molecules and do not conta 
any ions. 


This 
Electrovalent compounds have a regular structure. Thi 


s : T. s was. in 
arrangement makes a crystal lattice. Figure 4 shows the ways 
which a sodium chloride crystal lattice is made up. 


the ions are 
arranged 
like this 


and actually 
take up 
this shape 


The lattice is held together. very üghtly because the positively 
charged sodium ions are attracted to the negatively charged chloride 
tons. The shape of the lattice is a cube because with the sodium an 

chloride ions pulling on one another, they fit together best this way: 
A single crystal of sodium chloride contains millions of ions. 
v Ina crystal lattice, the attraction between 
This force of attraction is called 


stances also form crystals, but the 


the ions is very strong: 
an tonic bond. Solid covalent sub- 
n molecules cannot be held together 
by ionic bonds, because there are no ions present. Instead, they are 
held together by much weaker forces called Van der W'aals forces 
In covalent liquids, the 


0 molecules are even more weakly attracted 
and in covalent gases the forces are almost non-existent. 


Melting Points and boiling Points, Electrovalent substance? 
have much hi o Ung points and boiling points than covalen! 
substances. This is becaus ir structure. In order to melt a? 
given heat energy to pull the ion“ 
: € another, The ionic bonds are 5? 
nergy is needed, so this makes a high tempera- 
when the substance is molten, the charged ions 
ach other. A lot more energy is needed to make 
l m pout enough to leave the liquid and form a gas. 
So the boiling point is very high. 


ture necessary. Even 
are still attracted to e 
the ions move about 


How atoms combine 
69 


Covalent s 
: substances have very 
$ very small forces 

molecules, a s e 2 * f a ; 
wA e ind so the amount of energy needed to separate = 5 
small. Conse = 5 eir i i iu ‘ 
‘sets onsequently their melting and boiling points are 5 

P Fi nan those of electrovalent substances piner 

P1 ww | ares i ae e} 
gure 5 compares the melting and boiling points of son 
5 some 


clectrovalent and covalent compounds. 


melting boiling 


electrovalent 
covalent 
— point C point C 
ealenin um oxide (ALO d » Gur „ 
ae um chloride (CaCl i 2040 2980 
um chloride Natl 782 1600 
an 808 1465 
78 - 33 


ammonia (NH3) 
phosphorus(III) 
chloride (PCl) 64 7 
methane (CH4) 183 16 


— . 


Figure 5 


Fi 
1 Sure 6 


e 
Late 
& molecule 


Melti We ; 
lelting and boiling points of some 


electrovalent and covalent substances. 


havea smell. Electrovalent 
think of smells as being molecules 


substances can put 


that covalent $ 
more easily than electrovalent 


es generally 


do not. If you 
it is clear 


Covalent substanc 
substances generally 
that get up your nose, 
molecules into the vapour state 
substances. 


e in water. 


s will dissolv 
petrol, tetra- 


nt compound 
olvents such as 


Ive in covalent s$ 
and ethanol. 
ads will not d 


Most electrovale 
They will not disso 
chloromethane, propanone 

Most covalent compou! 
dissolve in covalent solvents. 

‘The secret lies in the water 
it does have small p 


issolve in water. but will 


Although water isa 


molecule. 
ative charges 


covalent molecule. sitive and neg 
on it. (Sec figure 6-) 


small negative 
charge 


© © small positive 
charges 
ct individual positive 
e electroval substance. 
at the water 


charges nS à 
2 i e. They will 


es enable 


‘These charg 
and dissolve th 


molecules can be 


sometimes dissolve 
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Figure 7 


Electricity will flow 


through molten 
sodium chloride. 


Summary 


Chemistry matters 


ici zlec- 
Electrovalent compounds will conduct 5 — 
tricity will flow through liquids if there are ions s “ nc ne 
The ions are charged and will carry the electricity. A molte 
valent substance contains ions which are free 
electrodes are placed in the liquid, and 
and a bulb, the bulb will light up as the 
electrodes. Figure 7 shows the appar. 
show this using sodium chloride. 


bulb battery 
S— 


to move about. If two 
are connected to a battery 
current flows between the 
atus that would be used to 


cathode anode 


— molten sodium 
ec chloride 


The positive clectrode is called the 
is called the cathode. The positive sodium ions 
the cathode, and the neg 

the anode. The ions c 
Solid sodium chlorid 


anode, and the negative doctor” 
are attracted cnet 
ative chloride ions are attracted towar s 
arry the electric Current and the bulb lights e 
e will not conduct an electric current becaus 

its ions are held tightly in the Crystal lattice 
vibrate. Covalent substances cannc 


ly 
and they can onl} 
because they contain no ions, 


5 "rent either. 
t carry an electric current ei 


At the end of this chapter you should be 


able to: 
1 Explain why the noble Sases do not react. 
2 Explain why the other elements do react. 
3 


Describe, by means of diagrams, 
form a compound containing clectrova] 
4 Describe, by means of dia 
compound containing coy 
5 Work out the 


b ions formed by ele 
positions in the Periodic table. 


0 
— te 
how two elements reac 
ent bonds. 


grams, 


a 
form * 
how two elements. for 
alent bonds. 


i to the! 
ments, according 


ice and 
crystal lattice 2 


explai 


8 and 
ain the differences betwee d: 
covalent compounds 


n electrovalent 


Roentgen and his apparatus. 


were doing so. The first man to | 


Many of 
lites oe Jou will have had an X-ray at one ee they h s 
another. It may hau ve if your actually notice them was a German physicist 
Ungs were all ri. ae m bern: kosee I, called Wilhelm Róentgen. In November 1895 
JOU had brok right, or it may have been to see if he was doing à routine experiment. with 8 
oke. "her " ji al 

have found in a bone. In either case, A. ae glass tube containing gas at a very low pres- | 

à hat the process of being X-ray sure. When he applied a high voltage to this 

lowed brightly. This was well 


is 
quick x i S 4 
and painless. The following article tube, the gas g 
: when Roentgen covered the 


tells M 
JOU more about these mysterious 1075 - known, However, 
tube with a black cloth so that he could no 
What longer see the glowing gas. some crystals that 
n ud the name, ‘X-rays’? X stands for were on the table near en E as con- 
Even th n. This name was chosen because tinued to glow by themselves. * iz d 
plain man who discovered them could not some sort of invisible ray must have Deen 
aki what they were. Scientists had been coming out of the tube. through the cloth. and 
j | into the crystals. 


ing X 
-rays for some ume before they 


Skeleton appears 

Roentgen tested these rays to see what they 
would go through. ‘I placed my hand before a 
screen put in the path of the rays. I could see 
the outline of the bones framed by the flesh. 
Afterwards, I took a photographic plate, and 
putting it in the place of the screen, made a 
photograph of the hands with the bones clearly 
outlined.’ 

He called these strange rays X-rays. It was 
soon realized how useful they were for looking 
inside people. By 1900, doctors were using 
them to locate bullets in wounded soldiers; 
shortly after this, dentists in America examined 
their patients’ teeth using them. 

Some people were scared of the new rays, 
and in London, tailors advertised X-ray proof 
clothes. They weren't any good, because tests 


have shown that only thick pieces of lead will 
stop X-rays. 


An X-ray of a hand. 


X-rays to the rescue . 
Much use of X-rays is made in modern 
medicine, for examining bones, vital organs 
such as the heart, and searching for cancer. " 
X-rays do not go through bones or metal. 
they are shone through vou onto a photo: 
graphic film, the bones or any metal E and 
inside you show up as shadows on the film. 
you need to have your stomach X-rayed, n. 
must first drink a suspension of barium ud 
phate. This substance does not allow Xr 1 
to pass through it and so a shadow of you 
stomach appears on the film. 


X-rays are very important in a, 
Oxygen cylinders are X-rayed before the 8 3 
refilled to sce if they have any tiny cracks 0 
them, and they can reveal cracks in m 
acroplane parts. Scientists also use them to fin 1 
out the internal structures of crystals. W b 
X-rays are shone through a crystalline 5U 


a very high voltage 
applied across here 
PE III ee 
electrons rush ` 

from one 
electrode to target 
the other | 


negative ositive 
electrode Seenot 
X-rays stream 
out here 
Stance hu 
» they are ‘reflected’ by the ions inside. 


As they emer 


analyse ge, they are photographed and 


id, sz ; NN 8 

Substan and this can tell a scientist which 
Stances are k : 

S are present, and how the ions are 


Mode 


2 
" X-ray e 


quipment. 


ES] 
oo 


arranged inside the crystal. 

Many substances can be analysed in this 
way. Forensic scientists may use this technique 
of "X-ray crystallography’ to identify other- 
wise useless clues found at the scene ofa crime. 


X-rays can be dangerous 

X-rays can destroy living tissue. Although it 
is safe if you have an X-ray now and then, 
X-ray machine operators have to take care 
that they are not exposed to the rays too often. 
They wear lead-lined clothes when they work 
X-ray machines, and have film badges pinned 
to their clothes all the time. The badges con- 
tain small pieces of photographic film. At the 
end of each week, the piece of film for each 
X-ray operator is developed and examined to 
see how much radiation they have received. 
If they have received too much, then they 


must stop working with X-rays for a ume. 
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i 1  Usethe periodic table in chapter 4 to help you with this question. 
nn a Find the element caesium. 
b What group is it in? . n 
c How many outside shell electrons does it have? 110 
d When it reacts, how many electrons will it lose or gain 
order to get a full outside shell? M " 
e Write down the ion it will form, complete with its charg 
f Now do the same for the elements bromine, aluminium, 
magnesium and selenium. 


2 Show, by means of diagrams, how the following electrovalent 
compounds are formed, and work out their formulae: 

sodium oxide, calcium chloride, and aluminium fluoride. 

3  Tetrachloromethane (CCla), chlorine ( 
and water (H,O) 
Draw diagrams t 
outside shells. 


Clz), hydrogen (Ha) 

: ules. 
are all covalent substances, and contain meea z 
o show how their atoms share electrons to ge 


4 Use the periodic table to hel 
into two lists — one of clectrov 
covalent compounds. 
Potassium oxide, barium 
oxide and carbon dioxide. 


i 1nds 
p you put the following xpo ol 
alent compounds, and the oth 


; 4, nitrogen 
sulphide, phosphorus oxide, nitro£ 


" ú y " 7 itis ted, 
5 Substance A has a melting point of 2000 C. When it is m 
and two electrodes which have been connected to a battery 


bulb are put into the liquid, the bulb lights up. .d to 
Substance B is a liquid with a strong smell. When it is adde 

water, it does not dissolve in it, but floats on the surf " 

a Which substance is likely to have the higher boiling poini; 

b Which substance is likely to exist as a crystal lattice ad 

€ If two electrodes, connected to a battery and bulb are! 

into liquid B, what will happen? Why? 

Which substance is electrovalent? 

€ Suggest a possible solvent for substance A. 

f Suggest a possible solvent for substance B. 

8 Which one contains molecules? 


ace. 


. 


6 


l 


Formulae 


Formulae and equations 


1 1 er that the metal elements (on the left-hand 
side of the periodic table) and some non-metal elements (from e» 
right-hand side) can form ions. Ionic compounds are formed siis 
these ions fit together in à crystal lattice. Figure | is a list of most of 
the ions that you are likely to meet. Some of them are not single 
clements, but groups of elements combined to make an ion. 

You will use many of these ions as you progress through the book, so 
you will find it very helpful if you learn their names, formulae and 


charges. 


You saw in the last chapt 


harged ions negatively charged ions 


positively c 


OH- hydroxide ion 


Li* lithium ion 
Na* sodium ion NO; nitrate ion 
K* potassium ion HCO, hydrogen carbonate ion 
NH,* ammonium ion Cr chloride ion 
Ee hydrogen ion Br bromide ion 
Ag* silver ion I iodide ion 
Cu* copper (1) ion 
SO sulphate ion 


24 : E 
Mg magnesium ion 

"P ; 

carbonate 10n 


Ca?* calcium ion CO; 

Ba?* barium ion SO, sulphite ion 
Gu?* copper! II ion 82 sulphide ion 
Zn? zinc ion Q^ oxide ion 

pp? lead ion 

Hg^* mercury ion 

Fe?* iron(II) ion m 
res“ iron(II) ion O. phosphate ion 


I 
** n 2 
Al aluminium ion 


Chemistry matters 


>a riles VOU 

By putting these ions together, according to 5 9 

can work out the formula of almost any ionic su i ce eim ai 

likely to meet. (Don't worry about covalent Sulstanee " — dm 
need to know many of these, and you can learn them as vou g 


sing 
iti P is best shown using 
There is a routine for writing a formula. It is best shc 
some examples. 


The formula of copper(II) chloride. 


1 Write down the name of the 


substance. Copper! IH | chloride. 
2 Write down the ions used in the E T 
substance. (Don't forget their charges.) Cu Cr. 

3 


im es ^ 3 7 E e Td need 
Add positive ions or negative ions 2 +charges: 2 5 3 
until the number of positive charges is 2C et 
* . P ZU 
the same as the number of negative altog 
A give z 
charges. 5 charges. 


aer to 


4 Write down the ions again, 3 cr 
1 2+ j as 
how many were needed for a balance. one Cu twig 


5 Write down the formula without Cu Cl). 
the charges in the proper way (There 
is no need to write in the 
because the ions now bal 


and 


charges 
ance.) 


(When a numbe 


ris written ont 
in front of it. 


SER 
8 Sr odiate? 
he line it refers to the ion immed 

The 2 in the 


CuCl, means 9CI^ ions only. 


Now look at these other examples. 


The formula of lithium sulphate. 


l Lithium sulphate. 


2 Lit soi: 


. {0 
qe D s EM ions 

3 The ro charge on the sulphate ion needs two lithium 1€ 
balance it. 

4 Two Lit 


and one SQ,2- 
5. Li5SO, T 
sulphate ion. 


are needed for a balance. -he 
t 

me wae h - + wart of 

he ; means two lithium ions only. The , is pat 


The formula of ammonium Carbonate 


1 Ammonium carbonate, 


2. NH Gg. 


- 
a 


Formulae and equations 


3 Two ammonium ions are needed to balance the charge on the 
single carbonate 10n. 
CUT : TA 

4 Two NH ions and one CO; ion are needed for a balance. 
5 NH) CO; The brackets are put round the ammonium ion 
to show that two whole ammonium ions are used. If the brackets 
were not used we would have NH,45, and that would be nonsense 
Brackets are used when the formula needs two or more ions which 
are made up from more than one element. 


The formula of zinc nitrate. 
1 Zinc nitrate. 
9 “Eat NOs 


3 The double positiv 
ions to balance it. 


e charge on the zinc ion needs two nitrate 


4 One Zn?* and two NO, ions are needed for a balance. 


5  Zn(NO3)2- Again, brackets are needed to show that there are 


two whole nitrate ions. 


The formula of aluminium oxide. 


] Aluminium oxide. 


$- 
9. AP" Or. 
an be balanced is to have two 


3 Now, the simplest way this c 
Then there will be six positive 


iminium ions and three oxide ions. 


alu : 
ance six negative charges. 


charges to bal 
Als“ ions and th 
; need for brackets 
element. 


ree O? ions are needed. 


4 Two 
around the Al, because the 


5 Al,Os. There is nc 


two letters represent only onc 


The formula of iron III) sulphate. 


1 Iron ( HT) sulphate. 


+ 3+ ¢ 2 
2 Fe! 80, | " 
i ions and three sulphate 1005 to make the 
3 Take two iron(II) ions“ 1 at 
positive and negative charges tota the $ : 
d three sO,’ ions are needed. 


^ 
re needed because the 


ions an " | 
sulphate 10n 

The brackets 4 p 

than one element. 


4 Two Fe? 
5 Fe; S045 


is made up of more 
c end of the chapter. 


Now try more exam ples 
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6.2 
Equations 


Chemistry matters 


S ta ing on in 
An equation is a chemical sentence. It tells you w hat is goi! em » 
a chemical reaction. It tells you both what is reacting e 
being formed, and also about the quantity of the substances 


conditions 


REACTANTS 


— _, 
e. g. temperature 


PRODUCTS 


Again, there is a routine for writing equations. 


Equation for iron- 


l Write down the 
reaction in words. 


2 Change the words 
into the correct formulae. 


3 Balance the numbers 
of atoms of al] elements 
on each side. 


4 Write down the 
€quation with the numbers 
of atoms balanced. 


5 After each reactant 
and product, write in its 
Physical state. 


(s) int 
liquid, you would put (1 
use (g). If the substance 
Standing for aqueous, 


Equation for copper oxide-h 


1 Copper(1]j oxi 


Copper(II) oxi 


3 Are there the sam 
side of the equation? 


4 CuO 4 H 


5 CuO\s) +H, 


his case Stands fo 


) after it, and 
was dissolved in 


* nu 


There 


sulphur reaction. 


Iron reacts with sulphur to form 
iron(II) sulphide. hide. 
Iron +sulphur —> iron(11) sulph 

Fe + S—— Fes. 


(check that these are the correct 
symbols and formulae) 


. ; side: 
Left hand side : Right eO 
one atom Fe, one atom ge, 
one atom S. one atom 8. 


The equation is balanced. 
Fe + S — es. 
Fe(s)--S(s) —+ Fes(s). 


ca 
y es Was 
r solid. If one of the SOE Rt d 
if it was a gas, see (aq): 
water, you would us 


ydrogen reaction. 


each 
mber of atoms of each element on 

are, so the equation is balanced. 
u + Ho, 


( : 
B) — Culs) + H, ot). 
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Formulae and equations 


Equation for zinc-hydrochloric acid reaction. 


1 Zinc dissolves in dilute hydrochloric acid to form zinc chloride 
and hydrogen. 
Zinet hydrochloric zinc h 
acid (dilute) chloride ydrogen. 
2 Zn + HCI — ZnCl, + H5. 
The symbols and formulae are correct. 


3 But the number of atoms of each element on each side of the 
cquation is different. There are two chlorine atoms and two hydro- 
one of each on the left 


gen atoms on the right hand side, but only 

hand side. The numbers must be equal, so double the number of 
chlorine atoms and hydrogen atoms on the left hand side. You can't 
do this by writing HCl, because this would change the formula of 
the compound. Instead you must put à 9 in front of the formula: 
2HCI. This only changes the number of whole molecules, and that's 
allowed. The equation now balances. 


4 Zn + 9HCl — ZnCl, + H2. 


5  Zn(s)+2HCl(aq) —~ ZnCl, (aq) + H2(8)- 
Remember, when you are balancing equations yo 
in front of formulae. 


u can only put 


numbers 


Equation for aluminium chloride-sodium hydroxide 
reaction. 

e reacts with sodium hydroxide to form 
sodium chloride. 
aluminium 
hydroxide 


1 Aluminium chlorid 
aluminium hydroxide and 


Aluminium 
chloride 


2 AIC]; 
The symbols and formu 


sodium 
+ chloride. 


+ NaCl. 


sodium ___, 
+hydroxide 
4 NaOH —~ Al(OH); 


lae are correct. 

s in the aluminium hydroxide, so ese 

the left hand side, t00- This means that 
dium hydroxide to be 


a of so 
th the three CI's from the alu- 


formed, to 8i 
4 3NaCl. 


(s) +3NaCl(aq)- 


3 There are three ( 


correct. These three Na 5 
3 NaCl will be ve. 


minium chloride, 50 
4 AlCl, + NaOH —> Al(OH): 
— Al(OH)s3 


5 AICI,(s) NaOH (aq) 
i hapter. 
Now try the examples in the questions at the end of the chap 


E 
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6:3 
Relative 
molecular mass 


Chemistry matters 


: ic ass. 
You saw in chapter 5 that elements can have ü alate as es v 
Similarly a compound can have a relative Pastas „ ad a 
with relative atomic mass, relative molecular mass 5 voies 
without units, which compares the mass of one molecule up ant 
pound with the mass of one molecule of other compounds; De 
calculate it for any compound by adding up the relative i 


T ES ae ine for this 
masses of the elements in the compound. There is a routine 
too. 


Relative molecular mass of water. 


l Write down the name 


of the Water 
compound. 
2 Turn the name into a H,O. 
formula. 
3 Write down how many 


atoms of each element 


` à L 
are 2 atoms of l atom o 
Present in one molecule, hydrogen; oxygen 
4 Look up the relative atomic 6 
masses of each of the elements in H= l O = 16 
the compound. 


5 Use the infor 
and 4 to find the total mass of 


each element present. Add them 
all together: 


Mation in 3 


for the H: 2x1 T 
forthe O: 1x16 = 16 
rel.mol.mass = 18 


So the relative cular mass of water is 18. 


mole 


Fes. 


6.4 

Measuring the 

composition of 
9mpounds 


Formulae and equations 
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Relative molecular mass of ammonium chloride 


1 Ammonium chloride. 

2 NH. Cl. 

3 One atom of nitrogen, four atoms of h 

REN ci s of hydrogen and one atom 


4 N = 14 
H=1 
Cl = 355 

5 N: Ixl4=14 
H: Axle 4 
Cl: 1x 35°5 = 35:5+ 
So NH,Cl = 53.5 


Relative molecular mass of aluminium sulphate. 


] Aluminium sulphate. 
2 Al,(SOx4)3- 


3 Two atoms of 
bracket. So there are 3 
already O4, so the 3 outsi 
There are 12 oxygen atoms. 


aluminium. The; refers to everything inside the 
sulphur atoms. In the case of oxygen, it is 
de the brackets multiplies 4 by 3 to give 12. 


4 Al = 27 
8 = 32 
O = 16 

5 Al 227 54 
S: 3x32 = 96 
O: 12x16 = 192+ 


So AL(SO;), = 342 


ate the percentage of one element in 
ight want to know the percentage of 
of nitrogen in a fertilizer. 


necessary to calcul 


Sometimes it is 
le, youm 


a compound. For examp 
a metal in its ore, OF the amount 
Look at the examples to see how it is done. 
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i iud ide, 
1 What is the percentage by mass of iron in iron(III) ox 
Fe203. 


total relative atomic masses of iron 4 0 
7 ; = i i xide 
ann relative molecular mass of iron III) o 


2 * Fe 


S MEN 
~ (2x Te 


2x56 


— EE C—- x 100 
(2 x 56) + (3 x 16) 


112 
Eu — 709 

160 x 100 70 
The percentage of iron in iron (III) oxide is 70° 0 
2 What is the 


? 
; itrate 
percentage of nitrogen in ammonium ni 
NH4NO4? 
2xN 
i = x 100 
5 of nitrogen = 2 N10 H)+Gx 5j 
u 2x14 


S LN 
(2x11) +H) (3x0) * 
EF "M 

= go* 100 = 35% 


The percentage of nitrogen in ammon 


stals, 
3 What is the percentage of water in copper(II) sulphate cry 
CuSO, . 5H,0? 


ium nitrate = 35% 


5xH,0 
% of water = 
udi Cu S (4x0) xsx g;o * 100 


/o 
6.5 


The mole The mole is an amoun 


t ofsubstance, 
carbon isotope, 1460 18 used in its d les as 
A mole of any substance Contains as many atoms or molecu 
there are atoms in exactly 12 g of 20 

Moles are not measured in 
atoms (if they are elements) 
The number of atoms or mole 
called the Avogadro' s consta 
Amadeus Avogadro. 


the 
2 " : ass 
Just like relative atomic mass, 


efinition. 


f 
gs O 
8rams. They are just number 


s) 
nds 
or molecules (if they are ae 8 
cules in a mole is huge. This ait , 
"^ after the 19th century sci 


6.6 
Molar mass 


6.7 


Molar volume 
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Avogadro’s constant, L = 6.02 x 1073 or 
602 000 000 000 000 000 000 000. 


Ifa mole of an element or compound is measured out in grams, this 


quantity is called a molar mass. 


grams. 


A molar mass of any element is its relative atomic mass in 


Here are some examples: 

f sodium has a molar mass of23g 

1 mole of calcium has a molar mass of 40 g 

1 mole of carbon has a molar mass of 12g 

mass of 40/2 — 20g 


of 2x 65 = 130g 


has a molar mass of 2g 


1 Amoleo 


0.5 of a mole of argon has a 
2 moles of zinc have a mass 
A mole of hydrogen gas, H2, 


A molar mass of à compound is ils rela 


5 A mole of calcium oxide, CaO 


tive molecular mass in grams. 


= 1 x Ca = 40g 
1x0 = 16g 
= 56g 
6 A mole of zinc nitrate, Zn(NO3)2 
=1xZn = 658 
9xN = 288 
2* * = 96g 
= 189g 


ume. Molar volumes 


olar vol. 
essure (s.t.p-) 


me called its ™ 
ature and pr 


a volu 
temper 


A mole of any gas has 
dat standard 


are generally measure 


ture = 0°C 
standard temperatur® — seuil 


standard pressure , 
) s al s.Lp- i; 224 dm". 
The molar volume of Paner er 2] litre) 
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6.8 
Calculations 
from equations 


1 Write the bal- 
anced reaction: 


2 Write down 
the moles involved: 


3 Pick out the 
substances that 
concern the 
question: 


4 Convert the 
moles to grams: 


5 Introduce the 
given facts: 


Chemistry matters 


Here are some examples: 


e 3 at 
1 1 mole of Hz, Cl;, and CO; each has a volume of 22.4 dm? a 
s.t.p. 


at 
2 2 moles of CHa, Ar, and Na all have a volume of 44.8 dm? a 
5. t. p. 


€ 3 at 
0.5 moles of SO;, O2, and Ne have volumes of 11.2dm? a 


s.t.p. 


Equations are chemical sentences tha 
reacting and bein 
involved. 


g form d ell is 
e but | you no only what l 
ch of each subst: e 1$ 

à i i: c ach substanc 


Problem 1 


How much iron(II) sul 
with excess iron filings? 


f 
phide can be made by heating 64 g of sulphu 


Use this routine: 


Answer: 


Fe(s) + S(s) — Fegis). 


l mole 1 mole 1 mole 

ofFet ofS of Fes. 
The question concerns on] 
iron(II) sulphide. 


1 mole 1 mole (there is as much T. 
of S of FeS. as the reaction wan 


y the sulphur and the 


1 mole ofS — 
32 grams S —, 
32 grams — 


1 mole of Fes. 
(56 + 32) grams Fes. 
88 grams. 


if 32 grams of § —_, 


88 grams of FeS, 
then 1 gram ofS —_, 88 grams of FeS. 
32 
So 64 grams ofS —, 


88 x 64 grams of FeS = 176 grams: 
32 


64 grams of sulph 1 ale f iron(ID) 
sulphide. Pour will give 176 grams o 


That problem involved simple i : t follow it 
you had better read the sen en H you did no i 


it out. 


$ s5 
next section, If you had no difficulty, ™ 
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Problem 2 


H : 
ow much magnesium is needed to make 55 g of magnesi 
esium 


oxide? 


2 92 moles , | mole 2 moles 
o Mg  ofO; of MgO. 


3 e esti gne 
Th qu stion concerns only the magnesium and the magn si 
y rum 


oxide. 
2 moles 2 moles 
of Mg of MgO. 
] mole ] mole 
of Mg of MgO. 
4 24g of Mg — 40g of MgO. 
5 24g of Mg — 1g of MgO. 


40 
So: 24x 55g of Mg —^? 55g of MgO 
— 55g of MgO. 
ium are needed. 


33g of Mg 
Answer: 33 g of magnes 


Problem 3 
d when 12g of hydrogen 


What mass of ammonia will be forme 
is reacted with nitrogen? 


1 N2(g) + 3H2(8) —> 2NH;(8)- 
2 moles 


2 | mole, 3 moles 
of N2 of H; of NH3- 


3 The question conc 


erns only the hydrogen and the ammonia: 


2 moles of NH3- 


3 moles of H2 UE 
lerem 34g. 
6 
So: pg ERES 
6 
12g — 08g. 


of ammonia are produced. 


he end of the 


Answer: 68g 
chapter: 


Now try the questions att 
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6.9 
Empirical 
formula 


Figure 2 


Chemistry matters 


The formula of a compound tells you how many moles 1 
element would combine together to make one mole of the 5 
For example, H;O means two moles of hydrogen atoms T prie: 
with one mole of oxygen atoms to make 1 mole of water. N Speen 
one mole of nitrogen atoms combines with 3 moles of hy his i 
atoms to make l mole of ammonia. But you can also use dose 
formation the other way round. If you find out in an Vc Ur i 
that 1 mole of nitrogen atoms combines with 3 moles of hydr EON 
atoms, then the formula of ammonia must be NH,. Experime nds 
results can be used to work out the empirical formula of a compou 


l. Empirical formula of calcium oxide. 


ium 
40g of calcium is found to react with 16g of oxygen to form calciu 
oxide. 


" en, 
This means that 1 mole of calcium has reacted with 1 mole of ox y 
because 1 mole of calcium is 40 


€ can write down this informati 
words, the formula must be Ca,O 
calcium oxide is CaO. ‘Empiric 
whole number’ formula found by 


2. Empirical formula of iron sulphide. 


28g of iron combined with 


d. 
16g of sulphur to make a compoun 
What was the empirical for 


mula of the compound ? 
28g Fe = 28 mole = 


à le. 
1 mole because there are 56g of Fe in 1 mo 
56 2 


; le. 
l6g S = 16 mole = 1 mole because there are 32 g of S in 1 mo 
32 2 


H i ith 
2 mole Fe combined with 2 mole 8. So 1 mole Fe combines W. 
1 mole S. The empirical fo 


rmula is Fe, e S, mote Or FeS. 


= "A EZ 


The relative sizes of one mole of different Substances. 


Summary 
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3. Empirical formula of lead oxide. 


1242 g of lead combined to make an oxide whose mass was 1370 
What was the empirical formula of the oxide? d 


Mass of lead — 1242g — 1242 moles — 6 moles. 
207 


Mass of oxygen combined with the lead — 1370g 
-1242g 


128 g of oxygen 


n= 128 moles = 8 moles. 


128 g of oxyge 
16 


Therefore the empirical formula is PbgOg, or in simplest whole 


numbers, Pb3O,. 


Now try the question at the end of the chapter. 


of this chapter, you should be able to: 


At the end 
c compounds. 


he formula for most common ioni 


1 Writet 
al reaction. 


a balanced equation for a chemic 


2 Write 
f a compound. 


3 Work out the relative molecular mass o 
4 Explain th erm mole, and write down the molar 


he meaning of the t 
mass of any element or d and the molar volume of a gas. 


compoun 
5 Calculate the percentage of an element in a compound. 


6 Explain the meaning of the term mole, and write down the 
number of grams in a mole of any element or compound. 


7 Calculate the amount of substances that combine in a reaction 


by using equations. 


8 Share out Mar 


hants. 


s bars between elep 
a about reacting masses 


9 Work out empirical formulae from dat 


of elements. 
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Radioactive gall bladders 


liver 
duodenum 


Figure 1 


ing with a pain in 
d be the result of 
have slept in a 


ain in 
me- 


your middle 

thing else. 
When you visit your doctor, 
y ave something wrong wit! 


bladder. 
Most people have a 


he might 
n your gall 


poor idea of what goes 
on inside them. Food goes in at the top, and 


waste materials come out at the other end. 
What goes on in between is a complete mys- 


tery. Figure ] isa biological map to show where 
everything goes, 


As soon as you start t 
chemicals in your saliva cal 
break the food down and di 
food goes into the stomach 
gastric juices take over. Muscles in the stomach 
wall churn the food up as the gastric juices turn 
it into a soap-like liquid. An hour or so later, it 
is squirted out into the first part of the intestine 
called the duodenum. This is where the gall 
bladder and the pancreas take over. The gall 
bladder produces a green fluid called bile. Bile 
molecules surround undigested fat and oil 
globules in the food and emulsify them: they 
break them down into small 


9 chew your food, 
led enzymes, start to 
gest it. The chewed 
where highly acidic 


er, more manage- 


oesophagus 
(food tube) 


gullet 
bile duct 
stomach 


pancreas 


intestines 


; an en- 
able droplets, The pancreas produce s the 
zyme called lypase which reacts wit into 
emulsified fats and oils and turns ior 0 be 
glycerol and ‘fatty acids’ which can cast 
absorbed by the small intestine. vetallise 

Bile consists of salts which can cry“ ifthe 
just like ordinary salts in the laboratory. stals 
crystals grow too big, they turn into big ¢ ee ts 
called gall stones. Up to 20% of all know" 
probably have tiny gall stones without grow 
ing it, but symptoms appear when they stop 
big enough to reduce the supply of bile, duct 
its flow altogether by blocking the bile 


89 


under the camera and a computer converts the 


(outle 18 

t 3 TUM * 
tube). The fats in your food don't get 
radiation picked up into pictures on a TV 


diges y 
sted a a 
excess a ind you start to feel unwell when 
Xcess bile is ; wate t ; 

is absorbed back into your liver. You screen. The doctor can see a shadow of your 


might ev 

8 «e Hae B 
in your pie go yellow because of bile chemicals gall stones so that he knows exactly where they 
à oan are, and how big they are. 
Isn’t chemistry wonderful! 


fried egg? 


Big ge 
g gall stones have to be removed, but Anyone for a 


Operations f 
eee serons things. Unfortunately, 
Stel E ned up like the bonnet ol acar. 
happens, P 8 cut you open! Before this 
his diagnosi ^ octor will want to make sure of 
With a nali š tthe hospital, he may inject you 
sodium A of a compound called 
Some of 5 which is radioactive. . 
compound A Wisin | atoms, in this 
gamma 145 TI M isotope $3 Te which give out 
and 43 L ik: ] 2 amount of radiation is small 
that after 6 ns a half life of 6 hours. This means 
s left, and E on only half of the radioactivity 
as gone ec another 6 hours, half of that 
origina] radi SH. After 24 hours, only 76 of the 
Urine and f ation is left, and that passes out in 
8 aeces, 


her 
90, that are other chemicals in the injection 
a RS ! à i 
compound. ns the radioactive technecium 
e quickly absorbed from the 


Oodst 
Oodstream ; j 
. ream into the liver and gall bladder. 


ithin 4 

H TOS H 
reached th Seconds, enough technecium has 
Deir * gall bladder for the radioactivity 


ag 

ine, © 6mmitte : 

nstrument "ted to be detected by a special 
called a gamma camera. You lie 


Gamma camera picture of gall stones. 


P. 
atie 
"t under 


a Gamma camera. 
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Questions 


Chemistry matters 


A table of relative atomic masses will be found at the back of the book. 


1 Work out the formulae of the following compounds: 


lithium hydroxide 
iron(III) chloride 
calcium iodide 
ammonium phosphate 
silver nitrate 

lead (II) nitrate 
iron(II) chloride 
iron(II) hydroxide 
sodium sulphate 


2 


magnesium nitrate 

sodium hydrogen carbonate 
aluminium oxide 

calcium hydroxide 

zinc hydrogen sulphate 
mercury (II) sulphate 
sodium hydroxide 
ammonium hydroxide 
calcium phosphate 


: < ical reactions. 
Write balanced equations for the following chemical react 


F sulphuric magnesium 
a magnesium 


acid (H,SO,) —— hydrogen + 


b sodium | copper(II) 
hydroxide * sulphate 


€ iron(III) 5 ammonium 
chloride" hydroxide 


dx hydrochloric zi 
ane + acid (HCl) — 
e calcium sulphuric 
carbonate acid 
f copper(II) 4 Sulphuric 
oxide acid 
g sodium sulphuric 
hydroxide * acid 


h barium sodium 
chloride sulphate 


copper(II) 


sulphate. 
sodium  , copper(II) 
sulphate hydroxide. 


iron(III) | ammonium 
hydroxide chloride. 


inc 
chloride * hydrogen. 


calcium carbon water. 
sulphate dioxide 


sulphate + Water. 


sodium 


sulphate Water. 


barium sodium 

sulphate ™ chloride. 

sulphate —— copper + zinc sulphate. 
II) oxide ——. lead +steam. 


"ARBRES DURS steam hydrogen + magnesium oxide. 


(II) oxide. 


zinc + copper(II) 
j hydrogen + lead ( 
k 
1 Copper + oxygen copper 
carbon oxygen — carbon dioxide. 
n 


© copper(II) 
carbonate 


3 Work out the rela 


compounds. 
sodium sulphate 
aluminium chloride 


piu ——, Copper(II) carbon water 
aci 


tive molecular masses of the follow 


hydrogen +chlorine —_, hydrogen chilards. 


chloride dioxide 


ing 


calcium nitrate 
ammonium sulphate 
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copper(II) nitrate 


potassium iodide 
calcium hydrogencarbonate 


iron(II) hydroxide 


4 Calculate the percentage by mass of 
oxygen in aluminium oxide 
chlorine in calcium chloride 
hydrogen in iron (III) hydroxide 
ammonium hydroxide 


Na2CO3. 10H20 


5 Work out the number of grams contained in: 
inium, potassium, oxygen gas, 


a one mole of: sodium, alumi 


hydrogen in 
water in washing soda, 


ono oD 


sulphur. 
b two moles of: zinc, iron, magnesium, manganese, silicon. 
c 0:5 mole of carbon. 
d 3 moles of boron. 
e 0:125 mole of sulphur. 
f 1 mole of hydrogen gas. 
g O.! mole of phosphorus. 
h 5 moles of zinc. 
i 10 moles of lithium. 
j | 6 moles of nitrogen gas- 
6 Calculate: ‘ , 
a the number of moles in 32g of sulphur, 56g of iron, 127g 
1 1915 oles in 8g of helium, 108g of aluminium, 


b The number of moles’ 
414g of lead, 40 g of bromine. 


7 Calculate the mass of: 
a one mole of water. 
b 2 moles of carbon dioxide. 
c 0:5 mole of calcium carbonate. 
d 5 moles of sodium sulphate. 
e 1-5 mole of aluminium oxide. 


me at 8. l. P- of 


8 Calculate the volu RA 
hur dioxide 


a | mole of sulp 
b 2 moles of helium 

c 0.25 moles of methane mo 672 
d How many moles of oxygen are 


at s.t.p? 
9 How much calciu 


dm? of the gas 


m € 
oduce 228 9 


hydrochloric acid to pr A 
H 1 T! 
n. mm wp . diat forms is condensed t 
it has all changed to lead. The st 
will its mass be? . 65 of chlorine. 
jy with 106-98 

EE ; ee d to react exact ) ; twas formed: 
Seg of ron VO. ile of the iron € loride tha j n 
What was the empirica eT 1.58 of zinc oxi X 

ın ) 


12 When 9798 gour: er formula of the oxide. 
F 


al 
Recognising 
chemical 
reactions 


Chemical reactions 


8 — and 
Chemical reactions are happening all the time, all around 1 to 
even inside us. Cars burn petrol, natural gas is burnt in s 
turn eggs hard, plants grow — and inside us, food is iu re- 
Chemical reactions happen when atoms and more ombines 
arrange themselves to form new compounds. Magnesium pon ash; 
with oxygen to burn with a brilliant white flame, leaving a 1 water 
green plants (like grass and trees) take in carbon dioxide a 
combining them to make — more plant, and oxygen. 


on. 
p B s Fries in comm 
All chemical reactions have certain characteristics in 


an 
E ; we © 
Using some of the reactions that happen in the laboratory, 
see each of the characteristics separately. 

The 
Chemical reactions ca 


use a change of appearance. at of 
mpletely different appearance to 
or example: 


Products often have a co 
the reacting substances. F 


ammonium heat 
dichromate 


) 
(NHs)2Cr20,(s) — CrO, (s) + Nle + 4H, 0(8 
Orange crystals 


chromium(III) F mon 
oxide +nitrogen.+ stea 


5 
urles 
green colourless colo 
powder gas gas 
nes; 
H . n 
Chemical reactions are difficult to reverse. pin n na 
they cannot be reversed at all. It is often impossible to get ba 
things you started with. For example: 


Magnesium + oxygen — fna 


gnesium oxide. 
2Mg(s) + O2(g) — 2MgO(s) 


White ash 


reactions. 


Chemical reactions 


Chemical reactions involve energy changes. This may be 
heat taken in or given out during the reaction, or it may be sound, 
light, mechanical, or even electrical energy. For example: when 
acts with ethanoic acid, the reaction gets 
being taken in by the molecules 
r the reaction to take place: 


ammonium carbonate re 
very cold. This is because heat is 
from their surroundings in order fo 


ammonium , ethanoic heat ammonium carbon 
— id +water. 


carbonate acid in ethanoate dioxide 
Reactions which take in heat are called endothermic reactions. 
Most reactions, however, give out heat. For example: when hydro- 
chloric acid is added to sodium hydroxide, the reaction gets very hot. 
This is because the molecules give out energy as they rearrange: 


sodium 

; Y heat. 
chloride + water Thea 
—> NaCl(aq) +H,0(1) 
thermic reactions. 
d light energy W 


hydrochloric sodium 

acid (dilute) hydroxide 
HCl(aq) 4 NaOH(aq) 

are called exo 

at energy an 


Reactions of this sort h 
Fuels give out both he hen they react. 


For example: 
dioxide steam 4- heat and light. 


P 2H, 0(g) 

n do mechanical work 
thing. When 
is produced. 
(See figure 1.) 


methane + oxygen — carbon 


CH, (g) +202(8) — CO3(8) 


which produce gases cal 
h against some 
dioxide gas 


fa syringe. 


Reactions like this one 
if the pressure of the gas i5 used to pus 
marble chips react with an acid, carbon 

This can be used to push back the plunger o 


yringe plunger 


Explosive fuels react to pe 
mechanical, and sound energy . — of energy th 
* important ype gS ttery tha 
7 cA * he a Y 

a chemical reaction * cler j chemical 10 
: $ 1 ore e : 

torch or radio !5 ! 
You can find a lot more 
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7.2 
Physical 
changes 


Figure 2 
Physical changes. 


LS 

Different types 
of chemical 
reaction 


Chemistry matters 


P Actions. 

Things that happen in test tubes are not always 1 
Changes may happen that take in or give out heat, igri formation 
produce mechanical energy, but they do not involv et "i 
of a new chemical substance. We call these physical changes. fecerit 

The most common physical changes are melting ses T 188 
boiling and condensing. For example, if you heat a bloc place 
first melts to form water, and then boils to form steam. These ¢ 15 an 
involve heat, but no new substance is formed, because ice, wate x the 
steam are all the same chemical, in a different form. If you eae it 
steam to cool, it will change back into water, and if you coo 
will change back into ice. (See figure 2.) 


HEAT IN — 
- melting boiling 
ces) ——— water(l) steam(g) 
freezing 


condensing 


~ HEAT OUT 


When thin 


ical 
. he " ‘ke a chem! 
gs dissolve, this is a physical change. Unlike a € 
change, the process is easily reversed by evaporation. 


‘ons 
actio” 
] i f 1 +.) pedct 
For Convenience, we often give certain types of chemical re? 
special names, 
ch 
A REET. it 
1. Decomposition reactions. These are reactions 1n n in 
5 H H | eve 
a compound breaks down into simpler compounds, or €y 
elements, 
e 
o5 
For ex i : decom? zs 
15 ample: when lead nitrate crystals are heated they 2s p 
noisily, giving off brown 


nit (IV id d oxygen e 
nitroge xide gas and OXY% 
caving behind yellow lea ogen ) oxide ga 


hea 
2Pb(NO3),(s) — 2PbO(s) 


ons 
MNT tio 
: ANDARE RR or synthesis reactions These 119 to 
are the opposite of de v 3 abi 
com S " : gi s con 
form a compound. Position reactions, Elements m 
For example: ; A hy 
; ammonia gas may : i nd ; 
5 aes a Sas may h 2 rogen a 

gen in an industrial process: be made from nitrog 
nitrogen +hydrogen Rieke 

FN, 2 nia. 

N; (g) + 3H) (g) 2NH 
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3. Displacement reactions. These reactions happen when 
something is pushed out. 

For example: when chlorine gas is bubbled through potassium 
iodide solution, the colourless liquid first turns red and then black 
as solid iodine is displaced from the potassium iodide: 


chlorine + potassium iodide ——* potassium chloride + iodine. 
Cl, (g) +  2KI(aq) — 2KCl(aq) + I,(s). 


4, Oxidation and reduction reactions. When an element or 
s in oxygen during a chemical reaction, we say that 
it has been oxidised. On the other hand if a compound loses oxygen 
during a reaction, we say that it has been reduced. i 
When something is oxidised it gains oxygen. 
When something is reduced it loses oxygen. 


a compound take: 


Look at the following example: 


hea 
copper oxide + hydrogen mM copper + steam. 
CuO(s) + Ha(g) —— Cu(s) + HjO(g). 


The copper oxide loses oxygen 
t reacts, so it has been 


The hydrogen gains oxygen 
when it turns into steam, so 


when i y int 
it has been oxidised. 


reduced. 


on and oxidation have taken place in the same reaction 


Both reducti ] 
a redox reaction. 


and so it is called 


Look at thc example once more. 


is reduced because the hydrogen takes its oxygen 


The copper oxide « 
he is called the reducing agent. 


away. The hydrogen 


thing is to say that the 


at the same > S 
drogen, so It is called the 


, of looking 
y lees en to the hy 


Another wa 8 ed 
Ar ng its oxyg 


copper oxide is gIVIT 
oxidising agent. 
ppen at once. The oxidising 
ent gets oxidised. 

n can be taken a little further. 
ised if it loses electrons. 
hown on the 


he reducing a8 
xidatio! 


S n é B 
a of reduction an’ ig be óxid 
ectrons, as S$ 


in S 8 
An element or compound if it gains ai 
and it is said to be 


next page: 
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Redox reactions For example: a solution of iron(II) chloride may be oxidised to 
as electron iron(III) chloride if chlorine is bubbled through it: 

transfer 


2FeCl, (aq) + Cl,(g) —> 2FeCl; (aq). 


Iron(II) chloride contains Fe?* ions. 

Iron(1II) chloride contains Fes“ ions. f "En 
When Iron(II) chloride is oxidised into Iron III chloride this F 
what happens: 


: jon): 
" m Ëj © 2Fe?* —> 2Fe?* +27 (oxidation 


e" 
e" 


- m " » m alec rons, 
€ Two Fe?* ions lose an electron each. Since they have lost elect 
they are oxidised. They form Fe?* ions, 
. 2 47 jons 
One chlorine molecule uses the two electrons to form two Cl 
It gains electrons, so it is reduced. 
Se Oc 


--€ 
` - d- reductor” 


Putting the two halves together: 


$ - Zug 
+ ion 
© (9) 2Fe?* — Fes 4967 (oxidatie 
1 jop? 
Cl 42e —, 9C]7 reductie 
— " 2 ier 


Cl, +2Fe2+ —_, 2Fe3* 1204 (redox: 


2+ jon 
ake electrons away from the Fe ave 


1 
* 


so they are called th 


€ oxidisi, 
reduced. 
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7.5 
Ch: ; 
angin 
g the Diff 
ra ifferent sorts of í ; 
—.— of chemical rates m sorts of chemical reaction take place at different speed: 
etions s. The gunpowder in a firework ; SR 
25 E ework burns very idly : 
of iro fti ` x disi: rapidly, but a 
n left in the open air rusts slowly. There are four main AEN 
) a ays in 


which you can incr 
you can increase the rate of a chemical reaction. For each 


me ou C i 
nethod, you could do the opposite to decrease it. 


If zinc is placed in dilute 


1. Increase the concentration. 
duce bubbles of hydrogen. and 


hydrochloric acid, it reacts to pro 
zinc chloride: 

zinc + hydrochloric acid — zinc chloride + hydrogen. 
Zns * oHCl(aq! —7 ZuCl;(aq) + H3g). 
ntrated acid, the hydrogen is 
liquid fizz. This is because 
ently the molecules of 
rated acid has more 
dilute acid. Because 


f collisions is greater, 


If the reaction is repeated with conce 

evolved much more quickly. making the 
the rate of a reaction depends upon how frequ 
collide. The concent 
han the more 


he frequency o 


the reacting substances 
molecules for a given volume t 
there are more molecules about, t 
and the reaction happens faster. 


rface. If you have a 
an only happen at its 


2. Increase the amount of reacting SU 
tion will happen 


reaction involving à solid, the reaction C 

surface. Make more surface available, and the reac 

faster. 

For example: calciur of marble chips reacts 
bon dioxide: 


with dilute hydrochloric 


m carbonate in the form 
acid to produce car 


; " sud bon 

calcium hydrochloric calcium 4 water + ven 

carbonate acid chloride dioxide. 
— bd) Hach He 


CaCO ;(s) + 9HCl aq) 


astead of using it 


Suppose you start with one 10g lump of pati. Ir enn le etr 

as it is, you break it up into ten 1g lumps: ou ha : saı 

c h more surface area for the ac to act 
3.) The 


but muc 
the reaction is faster- 


amount of marble. 
faster if the marble we 


upon. Consequently. 
reaction would be eve 


: | III 


nf 


!g 
„Sur. 
1 e3 
en 
My 
hav, nalt Bin 
Ü 
tha, More | 155 10g 
507 Tface 
„ € area 


e 
ar 
Se lump 


— Om 
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7.6 

Two laws about 
chemicals and 
their reactions 


Chemistry matters 


; anet akes 
3. Increase the temperature. A chemical 1 n 
place when the molecules of the reacting ee E reat ios 
each other. This gives them the energy necessary 1 imas 
form of energy, so ifa reaction is given heat, the melee euim) This 
faster and they will collide with each other more tregu "ids 
means that the rate of the chemical reaction will incre m isit 
For example: magnesium ribbon has hardly any reaction at? 


-eaction 
‘ed as the reac 
cold water. One or two bubbles may be produced as tł 
tries to take place: 


rogen. 
3 g droxide + hydroge 
magnesium + water — magnesium hydroxide + hy 


r). 
Mg(s) -2H,O(I) — Mg(OH), (s) + 2 8 
However 


ag- 
8 ane : afore the mat 
if the water is heated to boiling point before 

nesium is 


e 
: N ; n is evolv 
added, it fizzes quite vigorously as the hydrogen 


4. Add a catalyst. 
the rate of chemical reacti 
For example: potassium cl 
strongly, it first melts, and 


5 peed up 
Catalysts are chemicals which 1 ess 
ons, but do not get used up then heated 
hlorate is a white solid. When a yon 
then decomposes to give off oxyge 


i : A ride. 
potassium chlorate ——. oxygen + potassium chlorid 


2KCIO3(s) —> 303(g) T 2KCl(s). 
Manganese(IV) oxide 
reaction. Ifa small am 
before it is heated, the 
even before the 
place more quickl 
catalyst. The m 
during the react 


18 or this 
isa black powder and acts as a catalyst ate 
Ount is mixed in with the potassium c uickly: 
n the oxygen is evolved much more = takes 
potassium chlorate melts. The diem of 
Y and at a lower temperature. becausc sed UP 
a@nganese(IV) oxide will not have been us 
ion and may be used again. 


ay things react 


r Jy, in 
It eis now necess 
form of two laws, 


of 


Matter can neith 


er be crea 
a chemical react: 


€ 
; urs 

e ted nor destroyed in the co 

10n. f 
ass © 
5s £l H " 4 em 
What this means is that in any chemical reaction, the total meg, 
all the products must b, 


tart e 
s 

: € the same as the total mass of all the 
materials. 

For example: 


sodium iron (III, iron( HI, sodium 
hydroxide chloride hydroxide chloride. 


wo 
© 


Chemical reactions 


This may be written as: 
NaOH e 
1OH (aq) + FeCl3(aq) — Fe(OH)3(s) + 3NaCl(aq) 

yellow/brown i 
solid 

A reaction has obvi 

; a iously taken place because two liqui 
produced a yellow/brown solid, but really all that has ar 


that ions have rear i 
at oe have rearranged themselves in a new way. 
you were to find the total mass of sodium hydroxide and 


iror “hloride befi i 

P E. Chloride before the reaction and the total mass of sodium 

or m+ iTi 1 

ride and iron III) hydroxide after the reaction, the two totals 
: als 


would be the same. 
cactions involving gases can cause trouble. For example: 


"i carbon 

+oxygen(g) — ^ dioxide( +steam(g) +soot(s). 
dioxide(g) 

its mass decreases. As it does so, 


and soot are made. If they were all 
al mass would be the same as the 
used. But weighing all those gases 


candle 
waxis) 
; smaller as it burns — 


The candle ge 
the carbon dioxide, steam 
collected and weighed. the tot 
amount of candle and oxygen 
would be very difficult! 

In fact, the Law as st 
be the Law of Conservation of Energ 


can be inter-converted (see chapter 4). 
nts of matter are converted into en 


However, We could never detect t 


ated above is not quite accurate. It should 
y, because matter and energy 
In chemical reactions, 
minute amou ergy, some of which 
appears as heat. hese changes on 
ordinary laboratory balances. 
The second law is about 
ments combi 


oncerns the propor- 


compounds. It c 
pounds. 


tions in which cle ne to make com 
The Law of Constant Composition (The Law of Definite 
Proportions): 

nd contain 


mical compou 
by mass. 


proportions 


of the same compound 
hem, they will all con- 
other words, the 


ples of the same 
the 


All pure samples oft 

the same elements in the same 

This means that if you make several samples 

in several different ways» and then analyse them 
ns of different elements, in 


proportio 
f each element. All pure sam ; 
ition, no matter where in 


same com pos 


tain the same 
same ratio of moles o 
ill have the 

O. This formula 


compound w 
there is always 


world they are made. 
a of copper! 


For example: the formul 
means that in the crystal lattice of copper 


: 2 : f 
one mole of copper ions y one mole o 


ines with | 


JI) oxide is Cu 
(II) oxide, 
oxide ions. 


comb 


1 mole Cu? 
16g O- 


combines with 


ays, the law may be 


ide in three different W 


II) ox 
xt page. 


By making copper: 
on the ne 


verified. This is show? 
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1 Copper may be heated in oxygen: 


heat 2 ? 
2Cu(s) +O2(g) — 2Cu0(s). 


2 Copper(II) nitrate may be decomposed : 


heat 


2Cu(NO3)3(s) — 2CuO(s) T 4NO;(g) + O3(g). 
3 


Copper (II) carbonate may be decomposed : 


hea . 

CuCO,() “+ CuO(s) - CO, (g). ; 
i sthods and 2 

Suppose copper(II) oxide is made by each of these ener 

sample of each is saved. The samples may be analysed by 


the copper oxide with hydrogen. (See figure 4.) 


samples of CuO on porcelain dishes 


jj 
a f — A 
— 7 j 
—— NC T sss 
T} T 4 butman 
heat heat feat 
Figure 4 


Reducing copper(II) oxide with hydrogen. 


Copper(II) oxide + hydro; 

CuO(s) 
Weighed sam 
hydrogen. As 
it from black t 
and the samp 
flowing, 


Ben —> copper- steam. 
+ Hj(g) — Cu(s) + H20ʃg). 


f 
aream pa 
ples of copper(II) oxide are heated in lá changes 
che hydrogen reduces the copper(II) oxide, it drogen 
© pink. The steam is carried out in the excess hy n is stil 
les are allowed to cool down while the hydroge! 
to prevent re-oxidation, can pe 
When they have cooled down, the samples of coppe! 
weighed. Suppose these Were the results, 


le 
sample sample ui d 
rase e RR dd 2 T 
Mass of dish i 27 1 
Mass of dish + Copper oxid : d 7 2 à uS 
i e 130g 17:2g 38 
Mass of dish + copper 114 148¢ 12 
Mass of copper oxide 80g 12:0g pie 
Mass of copper 64g 9-6g os 
Mass of oxygen combined N l 
with copper l-6 g 2 


3.2 
2:4g WEB ar 


The calculation from these Tesults is shown on the next page 


u 
mmary 
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Sa 5° 
mple 1. 64g of copper were combined with 1:6 g oxygen 


In moles: 
with 1-6 moles of oxygen. 


64 moles of copper were combined v 
16 


64 
So the formula for this sample of copper oxide is: 
Cug.4O 1. OF Cub. 1001 which gives an empirical formula of CuO 


64 16 


Sample 2. 9-6 g of r wen i f 

5 9-6 g of copper were combined with 2-4g of oxygen. 
9:6 moles of copper were combined with 2-4 moles of oxygen 
64 16 = 
So the formul e of copper oxide is: 


a for this sampl 
mpirical formula of CuO. 


Cus. O24 or Cuoi 500.18 which gives ane 


64 16 
Sample 3. 12:8 g of copper were combined with 3:2 g of oxygen 
In moles: dm 
12-8 moles of copper were combined with 3:2 moles of oxygen. 
64 16 


of copper oxide is: 


r this sample 
mpirical formula of CuO. 


So the formula fo 
2 which gives an € 


Cu12:803-2 9T Cuo.2Oo: 
64 16 

All three samples have the same empiri 

Law of Constant Composition has been 


hold true. 


cal formula so the 
demonstrated to 


At the end of this chapter you should be able to: 
na chemical reaction anda physical change. 


ristics of chen 
xothermic ande 
hesis, displacement, 


betwee 


ain characte 


nical reactions. 


ndothermic. 


Distinguish 


1 
2 Describe the m 
3 atismeant by the termse 


Explain wh 
les of decom 


4 Recognise examp position. synt 
and redox reactions. 
e four ways i 


5  Describ n which the rate ofa chemical reaction 
may be changed. 
alyst does- 

aw of Co 


of Constar 
esults. 


6 Explain what a cat 
f Matter. 


nservation 0 
at Composition. 


and 


ain the L 


the Law 
erimental r 


7 State and exp! 
Jain 


8 State and exp 
h from exp 


demonstrate its trut 


earner an 
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This chapter has dealt with ‘chemical reactions’. 
The article that follows tells you about the 
consequences of one particular chemical re 


action 
getting out of control .. 


It is Saturday night on the 10th July 1976, 
The scene is a chemical factory, in the small 
town of Seveso, in Northern Italy. The 
machinery is left running, but there js only a 
very small staff looking after the plant. No-one 
notices that one of the chemical reactions goes 
out of control, Tremendous heat builds up 
inside one of the containers, so an automatic 
safety valve blows a small cloud of gas into the 
air. The reaction quietens down. 


A Deadly Cloud 


Two chemicals are Present in the cloud. One 
of them is harmless it is, jn fact. T. C. p. 
which is used as an antiseptic: but the other 
compound is highly poisonous and is used in 
insecticides. The chemist in charge of the 
plant phones the local police to tell them 
about the accident. Neither he nor they yet 
realise that the 2 kilograms of gas which have 
been released about the same weight as two 
bags of sugar are going to cause horrific 
problems. 


Cat out of the bag 

Five days later. some animals are found dead 
in the surrounding fields. One farmer finds a 
dead cat, and when he picks it up its tail falls 
off. He buries it. but when he has to dig it up 


whole 


8 6 at the : 
later fora post mortem, he finds tha Jems 


body has dissolved away. The first La 
have begun to show themselves. The ne ie jitals 
several children are taken into local uM ski 
because they have developed pup a 
rashes. A week later, 34 people are in ae 3d 
showing signs of severe chemical P ospitals 
poisoning. Health authorities at the hos 


ill not 

; “ee Aetory wi 
complain that the staff of the FA een 
tell them exactly what chemicals were put 


Local authorities play the matter opt 
the effects of the poisons are econ Juin ol 
and more clear. 500 people are movec hote! 
their contaminated homes, and taken e very 
in Milan. Needless to say, they are no 


happy about this. 


“ery 


ts 
Health hazard for children and pe t 
Two new worries appear, Children APP ihe 
be more prone than adults to the l jose! 
chemical, but doctors suggest that ar 
may cause problems for the next gmi ecome 
They explain that the chemicals may v the 
incorporated in the sperms and eggs 8 
local men and women, hence caus! lc 
formed babies, They are told that it wo" 


P " ec y 
best not to have children for up to thre 
A wom 


| be 
ears 
an member of the opposition "S (o 
the government calls for an emergency j à 
allow Pregnant women from the di tity C 
to have abortions because of the Pa s 
their babies being born deformed. 1 e bleme 
tremendous political and religious pr? 


% law" 

; : : alian ^5 
ecause abortions are illegal in Itali talia 
and are deemed to be murder by tht „rst 
church. 


Thi : : V 
Things are going from bad to 


Volu: 

On me ee and £26 million are used 

RA ins po 2 workers from the factory 
With bee b earn p all parts of the works 
The slink affected by the explosion. 
500 times ae of the poison here is about 
rini d a ps did that in the surrounding 
sul ges od: wear protective clothing 
enis "The D follow a strict safety 
£26 million ^ X E government allocates 
eg ae "a caring up the Seveso disaster 
hone ed : ased to clear land, build new 
uum eat és o compensate farmers for the 
prai x — that have had to be 
Have 1 aree days after this three women 
first gal al ns ina Milan clinic. These are the 

gal abortions in Italy. 


Peo 

Halt in to contaminated homes 
Hive bean SES aa October, 500 people who 
homes. Th e ging in Milan return to their 
Bure eter) come in lorries and cars and 
army have js E P3 rbed wire fence which the 
and local 5 — the area. The mayor 
jüst one ni 1 persuade them to return after 
area has in their homes. Although the 
done to d fenced off. nothing has been 
and to 5125 ih Lo area safe for them to live in 
Poisoned the lo would mean that they slowly 
has been mem. But the fact that nothing 
Cross indeed. re makes the local people very 


S " 
Nia isfongotten? 

50 = Sey 1 very little has been done. 

Were fign: ave been born to mothers who 

5 of them — at the time of the disaster, an 

More b are badly deformed. There are 650 
more and more 

The local 

mit these. 

g from 


ther on the way; 
authorities a asking for abortions. 
17 uA po still reluctant to per 
school chi à : 
t $ children are s s » 
he poison. re still sufferi 
Bus 
tient last, there is some hope. Pl 
ning up of the Seveso area are 


ans for 


the 


appr 
oved. T 3 5 
topsoil a. They involve removing the bad 
and burning it, fencing in less con- 
uming 


lamin; 
walls and areas, scrubbing and vacu 
ows e the part of the rive 
All 0 the infected area. 
enough me because someone di i 
reaction 97 — ONET controlling à chemica 
Ing up thei e Italian government are tighten- 
atit 5 regulations. to make sure 

sn't happen again - - 


r that 


d not take 
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ered most as a result of the Seveso 


Children 5 
accident. 


Questions 


Chemistry matters 


l Copper is a shiny pink coloured metal. When itis Rc Naas i 
it turns black because it becomes coated with [ed de 2r 
Give three reasons why you consider this to be a chemical reac 
Write the equation for the reaction. 


2 Look at the follow 
consider them to be dec 
reactions. Some of the 


ing chemical reactions and say whether Nos 
omposition, synthesis, displacement or redox 
m might be two types at once. 
2Fe(s) +3Cl,(g) oe eG. 
CuCO,(s — CuO(s) * CO, (g). 

(s) + Pb(NO,), (aq) —> Pb(s) +Zn(NO3)3(aq). 
Mg(s) + SnO(s) — Sn(s) t MgO(;). . 
FeCl; (aq) + H;S(g| — FeCl, (aq) + S(s) + 2HCl(aq). 
3 Put the following list of changes into tw 


reactions, and one of physical changes. I 
reasons for your choice. 


d . N 
N 
3 


© groups: one of chemical 
n each case, explain the 


o 2000 *C and letting it cool again. 
€ 8 a piece of iron out in the rain, 
lighting a candle and leaving it, 


driving a car down the road. 


xR O g. O 
Qa 
2. 
3 
[usi 
2 
E 
S 
5 
8 
& 
B 


4 In 
marble ch 


à : 7 8025 
ved in both ex eriments, it sae 
could be note 


Tated one 
Sample A 

volume (ems) g.5 26:5. 5 88-5 
time (secs) EG 3 — 6 10 
Sample B 

volume (cm?) 9:5 23-0 36-0 54:0 
time (secs) 8 5 
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5 List all the chemical reactions which you can think of that are 
speeded up by increasing their temperature. 


orate is heated, oxygen is evolved much 


6 "When potassium chl 
IV) oxide is used as a catalyst.” 


more easily if manganese | 
What is a catalyst? 
Describe the experiment you would perform to show that the 
rate at which oxygen is evolved is speeded up by using the catalyst. 
Draw the apparatus you would use, and say what measurements 
you would make. 
A catalyst is not supposed to be used up during a reaction. If 
and potassium chloride are soluble in water, 


potassium chlorate 
t. how could you show that this is true? 


but manganese IV oxide is no 


7 When methane is burned in oxygen, carbon dioxide and steam 


are formed. This is the reaction: 

CHa (g) +202(g) — CO,(g) * 2H;O(g). 

thane was burned in air, and the gases 
sucked through two U tubes containing 
and soda lime. Calcium chloride absorbs water, 
bs carbon dioxide. The following diagram 


In an experiment some me 
that were produced were 
calcium chloride 
and soda lime absor 
shows the apparatus. 


— 
suction 
pump 


soda lime 


calcium chloride 


meth, " | 
ane cylinder cold water 


nts were made: 


asureme 


The following me 
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mass of methane cylinder at start of experiment ses MEUR 
mass of methane cylinder after experiment ...4020g 
mass of calcium chloride U tube before experiment NIE 31-0 g 
mass of calcium chloride U tube after experiment $55 67:0 g 
mass of soda lime U tube before experiment ies 48:5 g 
mass of soda lime U tube after experiment s MADE 


What mass of metha 


a ne was used up? 
b What mass of wate 
c 

d 


r was produced? 

at mass of carbon dioxide was produced? 
te down the Law of Conservation of M 
at mass of oxygen must h 


Wh 

Wri 

e Wh 
correct? 


ass. : 
755 e 
ave been used if the Law i 


Law of Constant C 


omposition. 
(II) oxide were m 


ade by different PUE 
g. Afterit had been reducea 
ydrogen over it, the mass had gone down 
5 mple was found to contain 414g of lead combined 
with 32g of oxygen. 


Do the results uphold the Law? 


8.1 
Respiration 


Figure 1 


Air ? 
sacs in the lung. 


Air 


If we are deprived of it for more than a few minutes 
This leads on to brain damage - which may 
s. or even death. Our bodies need air, 


We all need air. 
we become unconscious. 
mean loss of speech, or paralysi 


or more correctly, oxygen. 
As we breathe in, air passes into the lungs through two large 


tubes called bronchi. These branch into many other small tubes 
called bronchioles. At the end of the bronchioles there are millions 
of tiny hollow bags called air sacs which are surrounded by blood 
vessels. (See figure l.) The blood absorbs oxygen from the air sacs 
and this oxygen is then pumped by the heart to the organs of the 
bodv and the millions of cells that need it in order to function. In 
, h compounds taken from the food 


these cells, the oxygen reacts wit 
we eat. These reactions produce energy, and carbon dioxide, which 
is carried by the blood back to the lungs. passed into the air sacs, and 


exhaled. 
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8.2 

The 
composition 
of the air 


Figure 2 
The composition 
of the air. 


Chemistry matters 


All green plants absorb carbon dioxide through their loaves ann 
water through their roots. They then need sunlight as "n iih 
energy, and the green pigment called chlorophyll as a cata 5s dien 
raw materials, energy, and catalyst, they produce carbo ny dre 


which are the main building blocks that they need. At the same time, 


they release oxygen, which they don’t want. 
light : y 
CO»(g) + Hod) > CHO + 0, (g). 
chlorophyll 


‘CHO’ is the building block for many different starches and sugars 
(carbohydrates). For example: 


6CH,0 —> C,H, 20,. 
glucose (a typical carbohydrate) 


x Eo e m 'drates 
The process of turning carbon dioxide and water into carbohydre 
and oxygen is called photosynthesis. 


Air is a mixture of several different gases. The composition ol 3 
air changes very little despite the fact that we, along with fires, 0 5 
car engines, use up oxygen and replace it with carbon dioxide. d 
balance is kept because green plants take in carbon dioxide. an 
give out oxygen, 

Figure 2 shows the 


s $ 2 sel aT. 
amount of various gases in unpolluted é 


component of the air “o by volume 


nitrogen 78-08 
oxygen 20-95 
carbon dioxide 0-03 
water vapour " here vou are 
«v. — 5 depends on where you a 
argon 0-93 
neon 
^ 0-005 
helium, krypton 115 


less than that 


han that. 


8.3 


The percentage 
of oxygen in 
the air 


Air 
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This experiment removes the oxygen from the air and makes it 


possible to measure how much gas remains. 


graduating glass 
syringe 


pyrex tube copper 
| 


glass wool 


glass wool | 
WA 


Fi 
Sure 3 b dn : 
Finding the percentage of oxygen n the air. 


cked with copper wire. This is a special 
ch has an uneven surface and therefore a 
all, loosely fitting glass plug in each 
l pieces of copper from getting 


1 The pyrex tube is pa 
porous type of copper whi 
large surface arca. There is a sm 
end of the tube. These prevent sma 
into the syringes. 

2 One syringe i5 full of air (plunger out) and the other is empty 
(plunger in). The pyrex tube of copper is heated at one end, and the 
air is pushed from one syringe to the other. As it passes through the 
pyrex tube, the oxygen in the air reacts with the pink copper, 
changing it to black copper(II) oxide: 

2Cu(s) + O2(g) — 2Cu0(s)- 

pink black 

3 As the copper goes black, the bunsen is moved to a fresh portion 
of pink copper. Eventually, no matter how much the copper is 
heated and how much the air is pushed from syringe to syringe, no 
more copper oxide is formed. This means that there is no more 


oxygen left in the sample of air. 
atus is left to cool down and the 


oted. 
experiment might be: 


volume of air left in 


4 The appar 
the full syringe is n 


A typical result for the 


TM " 5 
volume of air at the beginning = 100cm 
£ tak 
volume of air at the end = 79cm 
= 21cm? 


volume of air used up (i. e. che oxygen) 
therefore the percentage by volume of oxygen in the sample of air is 


2 x 100% = 21"o. 


volume of O5 ae 
e of 872 x 100 100 


volume of air 
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8.4 
Separating 
the mixture 


Figure 4 

The products of 
the fractional 
distillation of 
air. 


8.5 
Uses of the 
Separated gases 


Chemistry matters 


it usi he 
Air is a mixture, so we should be able to separate it using one of t 


methods described in chapter 2. Fractional distillation is used, after 
the air has been liquefied. 


There are three main Stages in the process: 


This can be done b 


up the pipes. 
2 The remaining air is then compressed to about 150 d 
re. As this is done it gets very hot (feel your ina 
Pump as you pump up your tyres). It is then allowed to cool o ‘ 
After the air has lost its heat, it is allowed to expand again. As it doe 


SO, it gets very cold indeed (feel the air rushing out as you let your 
bicycle tyre down) 


3 This is continued until the temperature is as low as 200 
(73 K), by which time 


all the gases except neon and helium are 
liquefied. The mixtu 


re of liquids can then be separated by fractional 
distillation, 
BaF degrees centigrade Kelvins 
. °C 8 
xenon ~108 185 
krypton —153 120 
oxygen -183 90 
aeon -186 87 
nitrogen - 196 = 
neon 246 27 
helium 269 4 
Oxygen 


Support breathing 


Oxygen stored in cylinders, is used to 
o help Patients j i 
or underwate 


8 in hospitals and for high altitude 
T work, S ac > 1 ; 
order to burn their fuels in poe have to carry liquid oxygen in 
Nitrogen, h 


T 
food. Bulls’ seme 
insemination Centres 


in the manufacture of ammon ^ 


Ai 
d 111 


These make up only about 1% of the air by 
lentiful of these gases and is used as an 
d aluminium, titanium and certain 
types of steel when they are welded. This means that the argon stops 
the metals from burning, or forming outside coatings of oxide, which 
would make it difficult for them to be joined successfully. Light 
bulbs also contain argon to prevent the filaments from burning out. 

Neon is extensively used for making advertizing signs. Tubes 
filled with the gas glow red when a high voltage is applied across 


the gas. 

Helium is used 
balloons because it is a light g 
burn. It is also used to dilute the oxygen W 
because both pure oxygen and nitrogen are 


at the high pressures which exist under water. 
Krypton and xenon are put into some electrical valves and T.V. 


tubes and in high powered lamps in lighthouses and miners’ lamps. 
Each day, air distillation plants separate about 100 tonnes of air. 
It is comforting to know that our atmosphere weighs at least 150 
million million tonnes, 80 there is little chance that we will run out 


of air to breathe. 


The noble gases. 
volume. Argon is the most p 
inert atmosphere to surroun 


as an alternative to hydrogen in meteorological 
as, which, unlike hydrogen, does not 
hich deep sea divers use 
dangerous to breathe 


nthat our air is polluted, and that the things responsible 
e part of our everyday lives. We live in an 


It is well know 
d factories produce waste products such as 


for this pollution ar 


industrial world, an 

smoke, poisonous gases, steam and heat. Although the amount of 

sia tg chimneys is now controlled by regulations (in many 
i he law to make smoke from a domestic 


it is against t 


d industrial towns is far from clean. 


ants producing essential products 
i í hur dioxide to the air each 
S cid add tonnes of sulp 

such as sulphuric acid o the atmos here only to be washed out by 
It then damages plants, and 


miles y 
ds of mi ; ethal for people with 


parts of Britain, 


fire), the air aroun i 
Worse than that, chemical pl 


rain, 
corrodes buildings. 


breathing difficulties. 
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8.7 
Combustion 


8.8 
Fire! 


Chemistry matters 


Petrol and diesel engines are great polluters. Their exhaust 
fumes contain lead vapour, oxides of nitrogen, and carbon monoxide, 
small amounts of which are poisonous. Other compounds have also 
been detected which are possibly carcinogenic (cancer forming). 


Just watch a lorry or bus next time it climbs a steep hill and think 
about the pollution it creates. 


Even carbon dioxide might be dangerous. Some scientists have 


adding more and more carbon dioxide 
nts will not be able to use it all. As it 
ceable effect on the temperature of the 
makes the atmosphere act like a giant 
ate that by the year 2000, the average 
temperature of the Earth’s atmosphere may have risen by 0:5 C. 


Y not seem very much, but à rise of 1 ^C could cause the 
Polar ice Caps to start melting, which would cause flooding in many 
parts of the World. 


When things burn in a 
gases. These are usual 


For example: When carbon is burned; carbon dioxide J 
produced: 


ir, they combine with oxygen and give out hot 
ly seen as flames. 


If methane is burned in plenty of air, carbon dioxide and steam are 
given off: 


CH,(g) +20,(g) — CO, (g) +2H,O(g), 


HEAT OXYGEN 
Ifany of these are remoy, 
s ed, th ; 
nda fire, there are three things te a Stops eee 
1 Cut off the fuel This mi 
tricity, or Covering oj] weno 2 turning off the gavor ele 


Summary 
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2 Reduce the temperature by covering the flames with water or 


foam. 


3 Cutoff the air supply with a blanket, sand, or foam. 


There are many different sorts of fire. 


If petrol or oil is burning, never try to put it out using water. 
ads the flames because oil and petrol float on water. 
on dioxide, or even sand or soil. 

n caused by electricity, never use water or 
t high voltages. Instead, use 


This only spre 
Instead, use foam, carb 
If the fire has bee 
foam. These conduct electricity a 
carbon dioxide or dry sand. 
If someone is on fire, try to roll them in a blanket or carpet, or a 


special fireproof blanket if one is available. 
Fires in laboratories are sometimes caused by chemicals — or 
more often, by careless people using them. Always use chemicals 
with care. Highly inflammable substances should never be kept in 
hot places, or near unprotected flames — in the laboratory, this 
ar bunsen burners. If they do catch fire, try to cut off their 
g them with a cloth, or a mat. If you have to 
aake sure it is a carbon dioxide one. 
h for you, abandon it. Shut all windows and 
get everyone out and dial 999. 


means ne 
air supply by coverin 
use an extinguisher, n 

If the fire is too muc 
doors to cut off the air supply; 


At the end of this chapter, you should be able to: 


ocess of breathing. 
uring ‘photosynthesis’. 
d the rough percentages in 


1 Describe the pr 


2 Explain what happens d 


3 List the main gases in the air an 


which they occur. 


4 Describe an experimet percentage of oxygen in 


nt to measure the 


the air. 
5 Explain how air can be separated into its component gases by 
fractional distillation. 

hich pollute our atmosphere 


6 Describe some of the chemicals wl 


and say where they come from. 
ly products of bu 


aboratory. 


be the most like irning. 


7  Descri 
of fire rules 


8  Drawupa list for your | 
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The killer fog of 52 


Between the Sifth and ninth of December, 
1952. a fog descended on London which was 
50 full of chemical pollution that 
people were poisoned by il. About Jour thousand 
more deaths happened than was usual for the 
time of year. There was another ‘killer fog’ 
in 1956, but since then, the Clean Aiy Act 
has made London one of the cleanest cities in 
the world. The Jollowing articles are all taken 
rom newspaper reports made at the time. 


thousands 9 of 


The great fo 
Over the w 
Persist for 

Weat 
the m 
slight breeze, 


n 
g blanket which paralysed 1 1 
eck. end was expected last nigh 
another 24 or 36 hours. Y lear 
her men, hoping for a wind ty e a 
urk, said there was little sign of eve 


ay 
he result in most London homes n 
is likely to be that morning deliveries of ssa 
ilk, mail and newspapers will be late. m our 
large dairy an official said yesterday, ^A ot. 
milk has been delivered to the bottling dep al 
ut we are 19 hours behind with the ew 
bottling, De iveries of house coal may sia 
held up. Thousands of householders who ae 
up their Stocks over the chilly week-end ee: 
get no more until tomorrow at the earliest- 


je Urn. road and rail traffic were 
were 5 were grounded and cinemas 
Ambulance pty. Heroes of the capital were the 
200 Sede exit: who dealt with more than 
taken for ea or s, and 210 general calls. Time 
the normal 95 averaged two hours instead of 
lance head nuits. Late last night ambu- 
of flares. quarters said they had run out 
t Piedra London babies were born as 
With the nie eto on the way to hospital, 
On the NE men acting as midwives. 

at a standstill Porat where all shipping was 
€ Docks 1 8 of London police patrolled 
People had ws ing life jackets because so many 

walked into the water. 


Lond , 

980 s Night of Terror in Record Fog 
ast 9 new wave of crime hit London 
i t as the gunmen and cosh boys cashed 


In on the 
the oe ever’ fog which blacked-out 


A policeman fought an armed raider... 
a teenaged couple held up a newsagent with a 
un . .. a cinema manager brutally coshed . . . 
a shopkeeper and his wife were attacked .. a 
post office was raided. 

The Policeman, who had been in the 
force only six months, was keeping a watch on 
parked cars outside a West End Hotel when 
he saw a man behaving suspiciously. He 
tackled the man and there was a violent 
struggle. 

A girl bandit described as pretty and 
refined’, took part in an armed hold-up at a 
newsagents in ueen’s Road Surrey. She 
stood guard as a youth of about 18 pointed a 
a pistol at Mrs Gladys Tubbs. ‘The gunman 
said Stick em up’, said Mrs Tubbs late last 
night. ‘I wasabsolutely terrified and I screamed 
at the top of my voice and the youth fled with 
another man without taking anything.” 

Two bandits attacked a tobacconists last 


night and robbed him of the £400 he was 


carrying in a 


brief case. 
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2 m 
Breath of Whisky Puts Beef into The 
ping in step with 


a mask 
est Way to breathe in the fog . pei 
s is dressmaker Mrs. of whisky fumes, That's the way d they 
Pamela Hickey, daughter of an inventor, She breathing at Earl's Court yesterday, a 
has designed a ‘Bunny nose’ mask to combat Were thriving on it. 
the ‘killer’ fog. Inside the ‘Bunny nose’ of 
the mask, which i 


affected 
Fog, seeping into the hall, had affec 
nted, is a special some of th 


: mithfield 
€ leading entries in the aei 
» S Hickey, traps the Show. The 22-month-old heifer, eds 
smoke-laden fog particles before they can Mr. Frank Parkinson, of West Tisted, 
damage the chest and lungs, 


red. 
Was so distressed that she had to be nc AH 
mask is washable © several Scottish breeders got Riiie 
and consulted 50-year-old herdsman V 
s, for adults with big 
noses and people with |; 


* her. 
Stewart, of Huntly, Aberdeenshire. Toget 
little noses. It should they found a remedy. 

sell in the shops for about 5/- (25p). 


„ life,’ 
0 I've been among cattle all my li 

y has experimented with the Willie sai 

mask by holding her head 


ia 
: d. "We used to treat pneum 
Over burni cases by mak 

sulphur and by staying out all night in an Open 


sack, 
ing a respirator out of a 1 
E 3 d Soaking it with eucalyptus, and putting ! 
car on Salisbury Plain during the thick fog. the nose of the sick beast. 
The mask, which she claims is foolproof, : 
"worked perfectly", 


ail- 

ere was not enough eucalyptus av id 

able this time, but I had heard of whisky 1 
used. So we Soaked a sack in whisky and o 

heifer Came round quite nicely, our 

‘Other folk were quick to ask about als 

ture and that’s Why a dozen or so anim 


: 3 irators 
re wearing Whisky-soaked respira 
today.’ 
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1 Explain what is meant by the term ‘Photosynthesis’. What do 
you think might happen if a new big city was built, but no trees or 
parks were included in it, and the houses had no gardens? 


2 You want to measure the percentage by volume of oxygen in 
the air, but you have not got the apparatus used in the experiment 
shown in figure 3. 

You have got a candle, a bowl and a large sweet jar. Describe 
the experiment you would perform. Remember that things use up 


oxygen when they burn. 


3 A sample of air has a volume of 130 cms. It is liquefied and 
distilled. Which gas will boil off first? 

Altogether, there is 104 cm? of nitrogen in the sample. What is 
the percentage by volume of nitrogen in the air sample? 


4 One of the dangerous components of car exhaust fumes is 
carbon monoxide. Use the index to find the main section on carbon 


monoxide in this book. 
Find out what its chemical reactions are. 


Now suppose that you have to design a new exhaust system for 


a car which prevents carbon monoxide from being expelled into the 
atmosphere. Write downa few ideas about the method you might use. 


5 What gases might be formed when the following substances 


in a fierce fire: 1 
a propanone Hz;. C CHCl CH 
b poly vinylchloride (CRUI. "OM d ds 
c Nylon (NH. CH-) e. NH. O. (CHz) a. = n 

re exti i snear vour laboratory or class room. 
p , Last SUR Lib E how to work them? (Don't!) 
125 $ d iP ies can they be used for and what kind of fires must 
Hie B d fo ? Ask teachers of other subjects if they know where 
eee f they know how to use it. 


their nearest extingu 


burn 


isher is, and i 


9.1 
Acids 


Figure 1 
Some naturally 
occurring acids. 


Figure 2 
Acids used in the 
laboratory. 


Acids, bases and salts 


m i: r ines that acids 
Most people are familiar with acids and some of the 5 
do, such as dissolving away metals and causing burns' if it co 


: 18 the 
the skin. Figure 1 shows some naturally occurring acids and 
places where they are found. 


acid place where found 


acetic acid (ethanoic acid) 


vinegar 
formic acid (methanoic acid) ants'stings and stinging nettles 
citric acid Citrus fruits such as lemons 
oxalic acid 


rhubarb 

in your own stomach 
grape juice 

sour milk 


hydrochloric acid 
tartaric acid 
lactic acid 


You may have been Surprised t 
It is used by the body to digest fo 
the ‘dilute’ acid ; he | 


acid chemical formula 

hydrochloric acid HC] 

nitric acid HNO these are often 
sulphuric acid H,SO. used 
phosphoric acid HPO. 

carbonic acid H,CO. 3 

nitrous acid HNO, these are 
sulphurous acid H,SO 


2803 sometimes used 
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Bases 


Figure 3 


Common bas es. 


9.3 


Indicators 


Fi 

Sure 4 
Son 

: ne common 
ndicators 
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You may not be so familiar with the group of chemicals called 
hemical opposites of acid. They are oxides or 


bases. Bases are the € 
Some of the bases normally found in the 


hydroxides of metals. 
laboratory are shown in figure 3. 


base chemical formula solubility 

copper(II) oxide CuO these bases are 

iron(II) oxide FeO insolublein water 

zinc oxide ZnO 

sodium hydroxide NaOH \ these bases are 
KOH soluble in water 


potassium hydroxide 
calcium hydroxide 


Ca(OH)2 J 


The bases which dissolve in water are given a special name. They 
are called alkalis. r , 
sium hydroxide, and calcium 


i hydroxide, potas xide i 
serae ail alkalis. 9 other alkali which is a little unusual 


hydroxide, NH,OH. Here, the ammonium ion 


hydroxide 
ion. But it is still an alkali. 


is ammonium 
NH. acts in place ofa meta 


v be shown using indicators. An 
"when mixed with an acid, to 


'The presence of acids or alkalis ma 
ali. Figure 4 shows some 


indi T rw 
indicator changes from one p on 
another colour when mixed with al 


indicators that you might usc. 


colour in alkali 


— 


colour in acid 


indicator nU ce 
; P oem yellow 
methyl orange m rich 
phenolphthalein "rd * S: vam 
bromothymol blue PM blue 
re 


litmus 


hese indicators is litmus. It is red when 
$ ded to an alkali. 


of t 
d blue when a 


The best know? 
added to an acid, an 
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9.4 
Concentration 
and strength 


Figure 5 
Strong and weak 
acids. 


Figure 6 
Strong and weak 
alkalis. 


Chemistry matters 


Concentration. Acids and alkalis are usually dissolved in ae 
The concentration tells you how much water has been pa! Ac š 
more water, and the solution becomes less concentrated. A 10 see 
containing 10g of nitric acid per cubic decimetre (dm ) is mo 
concentrated than one which contains only | g per dms. 


Strength. There is, however, another term which may be s 
about acids and alkalis. This is the strength of an acid or an 72 8 0 
Astrong acid is one which completely or nearly completely breaks 


up into its ions. Figure 5 tells you which are strong acids and which 
are weak. 


acid strength of acid 


hydrochloric acid | : 
nitric acid are almost completely ionised. 
sulphuric acid à They are strong acids. 
phosphoric acid 


carbonic acid 


sulphurous acid \ 


are not completely ionized. 
acetic acid (ethanoic acid) 


They are weak acids. 


lkali 
ies ai Strength of alkali 
Noe c ia 
potassium hydroxide \ are strong alkalis 
calcium hydroxide 
ammonium hydroxide ) are weak alkalis 

Wea 
alkalis b 


Figure 7 
The colours of 


Universal Indicator. 


Figure 8 
PH numbers. 


Figure 9 
ae solutions and 
the 

terr pH numbers. 
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red pink beige yellow green lightblue dark blue 
Hos d WEAK NEUTRAL WEAK / STRONG 
AC ACID ALKALI | ALKALI 


Each different strength of acid or alkali is given a different pH 
number. This symbol comes from a German word which es 

D. TM syon ( ans 
strength of acid’. Each colour of the Universal Indicator corresponds 
to a different pH number. (See figure 8.) i : 


Dom ed 5 l6: 3589-009 10- M] 12 18 14 
STRONG WEAK NEUTRAL WEAK STRONG 
ACID ACID ALKALI ALKALI 


Figure 9 shows some common solutions and their pH numbers 


pH number 


solution 

dilute hydrochloric acid l 

dilute sulphuric acid l 

dilute nitric acid 1 

lemon juice (citric acid) 2 
3 


health salts (tartaric acid) 
vinegar (acetic acid) 4 
pure water 

sodium chloride solution 1i 
baking powder (sodium hydrogen carbonate) 
ammonium hydroxide 

dilute sodium hydroxide solution 14 
dilute potassium hydroxide solution 14 


9 


7j 
7 
l 


fferent forms. They can be used as liquids, 
ase of litmus, they can be soaked onto paper and dried. 
f Universal indicators have different colours 
he same pH numbers, so these are always used 
acid or alkali is quoted. i 


Indicators come in di 
or in the ca 
Different brands o 
but they all have t 
when the strength ofan 
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9.5 
Properties 
of acids 


Chemistry matters 


1. Acids have a sour taste. Think of vinegar and lemon juice. 
DO NOT taste any chemical substance in the laboratory. 


2. Acids turn litmus paper and solution red. 


3. All acids contain hydrogen ions. 
positive ions present in the acid. For example: 


hydrochloric acid HCl(aq) — H* (aq) + Cl (aq). 
sulphuric acid H,SO,(aq) —> 2H* (aq) SO: (aq). 
nitric acid HNO, (aq) —> H* (aq) NO; (aq). 


These are the only 


4. Most acids react with most metals, 


They form com- 
pounds called salts, releasing hydrogen gas. For e 


xample: 
hydrochloric magnesium s 
acid (dilute) chloride hydrogen. 
Mg(s) + 2HCl(aq) — MgCl, ( 
Nitric acid does not do this r 
Copper, mercury, silver and 


magnesium + 


aq) + H5(g). 


eaction (see chapter 16) and the metals 
gold will not react. (See chapter 18. 


5. Acids neutralise bases, They form a salt and water. For 
example: 
copper(II) oxide + sulphuric acid 


CuO(s) + 128040 
Alkalis are also 
neutralised by ac 


~? Copper(IT) sulphate + water. 
aq) —> CuSO,(aq) + H,O(I)- 


Part of the group called bases, so they too are 
ids. For example: 


NaOH (aq) + HNO, (aq) — NaNO, (aq) + HzO). 


6. Acids react with carbonates. 
carbon dioxid 


d They form a salt, the gas 
€; and water. The react; 3 
For example: acti 


On is fizzy, or effervescent: 


sodium hydrochloric i 
d sodiu "ar 
carbonate acid (dilute Find e dioxide t water 
NajCO,(G) 4 2HCl(aq) 


c ?N2Cl(aq) + CO, (s) HO. 
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Acids, bases and salts 


A property of both acids and alkalis. 


act with 


1. Alkalis are soapy to touch. ‘This is because they re 
ly making soap. 


the natural oils in the skin, actual 


2. Alkalis turn litmus blue. 

ide ions or hydroxide ions. If they are 
ntain oxide ions; if they are hydroxides of 
For example: 


Bases contain ox! 


oxides of metals, they co 
metals, they cont uin hy droxide ions. 
l e 

＋ 0 


e solutions Which 


copper, H oxide CuO: — 
iO —* Na 


sodium hydroxide 
ater and giv h contain 


All alkalis are soluble in wé 
hydroxide ions. 
4, Alkalis will react with most metal ions. They form 


insoluble precipitates: 
Whenever à solid substan i is formed by the 
it is called a prec ipitate. s what happens 
is added to sodium hy droxide ST his is really just a rea 
the copper i 
＋20H (ad 

itation reaction. 


reaction of solutions. 


when copper sulphate 
action between 


Cu e (aq) 


Because of this iti 
5. Bases neutralise acids We have seen this reaction already 
in the prev ious sec tion. 


Whenever a base neutralise 


reaction. 


an acid it is called a neutralisation 
a 


and water 
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9.7 
Salts 


9.8 
Water of 
crystallisation 


Figure 10 
Hydrated and 
non-hydrated salts 


Chemistry matters 


s which you will 
Besides acids and alkalis, nearly all the compounds which y 
i ' are salts. 
meet in the laboratory ar Pees a Vae aes 
Salts are made whenever an acid is neutralised with 9 
i ith < 2 a ca 2 
an alkali, and when an acid reacts with a metal Ds 3 Bin 2 
Salts are ionic compounds made up from two ions. pe fe 
positive metal ions or the ammonium ion. These come 


$ 3 AS: j| anacid. 
The second is negative non-metal ions, which have come from an a 
For example: 


Sulphuric acid forms salts called sulphates. 


calcium sulphate CaSO, 
sodium sulphate Na,SO, 
ammonium sulphate (NH4)5SO,. 


Hydrochloric acid forms salts called chlorides. 


copper(II) chloride CuCl, 
aluminium chloride AlCl, 

zinc chloride ZnCl;. 
Nitric acid forms salts called nitrates. 
magnesium nitrate Mg(NO;), 
potassium nitrate KNO, 
iron(II) nitrate Fe(NO,),. 


i ; ir crvstal lattice 
Most salts contain a fixed percentage of water in their crystal 


4 i : 3 p imes to 
when they crystallise, It is essential to their shape and sometim 
their colour, and is called water of crystallisati 
the crystal cha 


sation. If it is removed, then 
and becomes dehydrated, 0! 
anhydrous. The number of moles of 
the degree of hydration. 


- c T led 
water per mole of salt is cal 
Figure 10 cont 


ains some salts which 
which are not, 


1c 
are hydrated and son 


Name of salt formula 


copper(II) sulphate-5-water 
sodium sulphate-10-water 
cobalt chloride-6-water 
zinc sulphate-7-water 
iron(II) sulphate-7-water 
sodium carbonat 
sodium chloride 
potassium nitrate 
potassium manganate VII) 


CuSO,.5H,O 
Na2SO,.10H,O 
CoCl;.6H,O 
Zn80,.7H,O 
FeSO,. 7H,0 
Na,CO,.10H,O 
NaCl 

KNO, 

KMnO, 


e-10-water 


9.9 
The solubility 
of salts 
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Ifa salt loses its water of crystallisation it can often be replaced again. 
For example: 

When copper(II) sulphate-5-water is heated, the blue crystals break 
down into a white powder and steam is given off. The process can be 
reversed by adding water to the powder. Heat is given back out anda 
blue solution is formed which may be evaporated to give crystals: 


heat in 


CuSO,.5H;O(s) CuSO,(s) 4 5H5O(g). 

blüe heat out white 

Another similar substance is cobalt chloride-6-water. When its 
purple crystals are heated, steam is given off and a dark blue solid is 
formed. Addition of water gives a pink solution which may be 
evaporated to purple crystals: 


heat in 


CoCl, (s) 4- 6H5O (g). 


CoCl, .6H,0(s) 
blue 


purple 
Both of these anhydrous substances may be used to identify water. 
If water is added to anhydrous copper(II) sulphate it turns the white 
powder blue, and if water is added to anhydrous cobalt chloride, it 
turns the blue powder purple. The latter is often soaked into paper, 
which is blue when dry and pink when wet. 


——— 
heat out 


Different salts have different solubilities in water, but for convenience, 
they can be divided up into those which are obviously soluble in 


water, and those which are not. 
You will find it very useful if you learn the following information. 


1 All nitrates are soluble in water. 


2  Allsulphates are soluble in water except: 
lead sulphate PbSO; 
barium sulphate BaSO, 
mercury(II) sulphate HgSO, 
calcium sulphate CaSO,. 


3 All chlorides are soluble in water except: 
silver chloride AgCl 
mercury(II) chloride HgCl, 
lead chloride PbCl. 


4 All carbonates are insoluble in water except: 
sodium carbonate Na2CO3 
potassium carbonate K,CO3 
ammonium carbonate (NH,)2COs3- 
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9.10 
Methods of 
preparing salts 


is the salt 
a 


Figure 11 
Methods of making 
salts, 


Chemistry matters 


TERR is qe > or 
st first see if itis soluble o 
alt, you must first see i ol » 
f you want to prepare a s you 5 
o or if it is to be prepared in an anhydrous state 
; 
the chart in figure 11 to choose the best method. 


method 1 metal + acid 
ase 4- acid 
method 2 | these methods bas 
l all make a E 
os method 3 | Soluble salt : carbonate 4- acid 
method 4 


alkali +acid 


nhydrous — — method 5 synthesis 


n AT recipitation 
insoluble method 6 Ionic precipitat 
— — 


Metal + acid. 
Properties of acids, 
hydrogen is evoly 
For example: 


Z 


8 S » of the 
You have already seen this reaction as one t 
In this method, the metal is dissolved in the a 
ed, and a solution of the salt is left. 
the preparation of zinc sulphate-7-water. 
n(s) * HjS0,(aq) = ZnSO; (aq) +H,(g). 
de ; 8 in a small 
of dilute sulphuric acid is placed in a sn 
beaker and a few pieces of zine are added. 
so the reaction is best done 
S completely, more is added. 
he zinc will not fi 
ns in the acid h 
n used up, leavi 
move the 


3 The salt solution is then carefully evaporated to remove some, 
but not all of the water. Ifi 


The zinc fizzes and 
ina fume-cupboard. 
2 When 
hydrogen 10 
acid has hee 
filtered to re 


z » 1C 
any more, it means that 1 
ave been changed into hydrogen. 


: n au. Itis 
ng only a solution of zinc sulphate. I 
excess zinc, 


E 5 se its 
t were completely dried it would lose i 
water of crystallisation. 
: s seral 
4 The partially evaporated solution is cov ered and left for severa 
days to slowly crystallis 


: €. The crystals can be dried by blotting on 
filter Paper. Figure ]9 shows dure diagrammatically. 


Some exceptions, 
metals such as sodium, 
would be too fast. On t ; itis tgo slow with unreactive 
metals such as lead. It will not work À 


3 ; Id 
T : ith copper, silver, go. 
and mercury. Nitric acid doe like other acids in it 
reactions with metals. 


This method is 
potassiu 


S not behave 


Acids, bases and salts 


Base + acid. As in the first method, the base is added to the 
acid and it dissolves to form a solution of the salt. For example: 
the preparation of magnesium chloride-6-water. 


MgO(s) + 2HCl(aq) —> MgCl,(aq) +H,O(I). 


1 About 25cm? of dilute hydrochloric acid are put into a small 
beaker and warmed over a bunsen flame. (Base + acid reactions 


usually need energy to start them.) 

oxide is added to the warm acid, with 
II dissolve. This means that all of the acid 
filtered to remove the excess base. 


ade by the same procedure as above. 


2 White magnesium 
stirring, until no more wi 
has been neutralised. It is 
3,4 Crystals of the salt are m 
(See figure 12.) 


This method is very similar to the other 
two. The carbonate i5 added to the acid. It fizzes, evolving carbon 
dioxide leaving à solution of the salt. For example: 
the preparation of copper(II) sulphate-5-Water. 
— CuSO,(aq) +H,0(1) 


phuric acid is placed in a small 
dded with stirring until 
Il the acid has been 
(II) sulphate 


Carbonate + acid. 


CuCO,(s) + H2SO. (aq) ＋ Cong). 


1 About 25 cm? of dilute sul [ 
beaker, and solid copper (11) carbonate 1s à 
no more will dissolve. This means that a 
neutralised and that only the blue solution of copper 
is left. 

Itered to remove excess copper(II) carbonate. 


2 The mixture is fi 
c made by the same 


3,4 Crystals of the salt ar procedure as above. 


(Sec figure 12.) 


salt solution is 
partly evaporated, 


3 heat 


partly evaporated 
salt solution is left 
to crystalise 


acid 2 


soluble salt. 


4 % af un? 
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Figure 13 


sodium 
hydroxide 


Stages of a titration. 


Chemistry matters 


Alkali + acid. This method is a little different because alkalis 
are usually in the form of solutions, so it is difficult to know when the 
acid has been exactly neutralised. The acid and alkali ug be 
reacted by a process called titration. Making sodium chloride from 
sodium hydroxide and hydrochloric acid is a typical example: 


NaOH (aq) +HCl(aq) — NaCl(aq) +H, O(1) 


l Exactly 25cm? of sodium hydroxide are put into a conical 


H H Lot 7 n 
flask by means of a pipette. A pipette has only one gradation. Wher 
it is filled to that mark, it contains an exact quantity of liquid. 


4 added to the alkali. 


3 A burette is filled with dilute hydrochloric 
zero mark. Liquid is run out ofthe t 


the level of liquid in the burette 
that there 


Two or three drops of litmus solution are 


acid, to above the 
ap into a spare conical flask until 
drops to the zero mark. Make sure 
are no air bubbles trapped in the burette. 

4 Acid is run from the 
alkali and litmus. The cont 
is at first blue, bu 


burette into the conical flask containing 
ents are swished to mix them. The litmus 
t when sufficient acid has been added to neutralise 
the alkali, it turns purple. The purple colour is often difficult to sec; 


so the acid must be run in slowly so that one drop of acid past the 
end point turns the litmus pink. 


: ; j f 
5 The conical flask now contains an almost neutral solution © 
sodium chloride, but it is coloured pink. 


6 Ss the titration is repeated using fresh acid and alkali, but no 
litmus. The quantity of acid which will be required to neutralize the 
alkali is known from the reading on the burette from the first titration. 
Finally, the colourless 


to give crystals. All th 'aporated off at once, because 
sodium chloride contai 


litmus solution 


-== 


alkali + k 
acid + pin 
litmus 


2 
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Synthesis reactions. If salts are required in an anhydrous 
form it is sometimes convenient to prepare them by direct combina- 
tion or synthesis. In this method, the salt is made by reacting together 
the elements that make it up. For example: the preparation of 
iron(III) chloride. 


2Fe(s) +3Cl,(g) — 2FeCl;(s). 


Figure 14 shows the apparatus that is used. 


iron (III) chloride 


calcium chloride 


Figure 14 


Direct synthesis of iron( HL) chloride. 


"er iun te heated, because 
The chlorine is dried before it is used. The 5 8 is dene e > e 

is needed to start the reaction, but alter it has s „itis 
energy is s 


: j ightly. 
; on glows brightly 
very exothermic and 51 iar is formed as a vapour. but turns 


ing j alcium chloride tube 
i lid in the cold collecting Jar. The calcium ¢ 
pane et : 6 but prevents moisture from entering 


the apparatus. 11) chloride is black, but in its hydrated state 


Anhydrous ironi 
it is yellow-brown. 
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lead 
nitrate 
solution 


Chemistry matters 


Ionic precipitation. Insoluble salts cannot be made by any ei 
the methods already described. Instead, they must be precipitate 


by adding solutions containing the correct ions. This method is 
called ionic precipitation. 


For example: the preparation of lead iodide. 
This may be made by adding lead ions to iodide ions: 


Pb^* (aq) -21 (aq) — Pb, (s) 


But ions do not come on their own. We must choose two solutions 


which contain these ions. Two such solutions could be lead nitrate 
and potassium iodide: 


Pb(NOj); (aq) +2KI(aq) — PbI,(s) +2KNO (aq). 


1 
larg 
Ab 


2 


Put 25 cm? of the lead nitrate into a beaker and add a slightly 
er quantity of potassium iodide solution of equal concentration. 
right yellow precipitate of lead iodide is formed. 


The mixture is filtered and the residue is retained. 


3 The residue is 


; ; dried 
washed with water, and then carefully driec 
in an oven. 


— lead iodide 
crystals 
lead 
otassium iodid nwanted gaigei 
potassium iodide unwante: crystals 
solution , filtrate d 


lead iodide 
Precipitate 2 


Figure 15 Preparation of lead iodide. 


9.11 
Efflorescence 


t o the atmosph 
do so. This Property is know 
to effloresce. For example: sod 


ly 
called washing Soda), will lose gum Carbonate-10-water (commonly 


| er a few 
hours if left Open to the air. I i num e i 
being transparent, to white d i n the crystals change fro 
Na,CO,. 10H,O(s) —, Na;CO,.H,O(, 


sulphate-10-water is ano 
substance. 


) *9H5O(g). 


ther example of an efflorescent 


9.12 


Deliquescence 
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When left open to the air, some salts do the opposite thing. They 
take in water from the atmosphere and dissolve themselves into a 
saturated solution. They are said to be deliquescent. For example: 
if blue copper(II) nitrate crystals are left open to the air for a few 
minutes, they quickly become covered with small drops of liquid, 
and soon turn into a sticky blue pool of liquid: 


Cu(NO3)2(s) — Cu(NO;) z(aq). 


Calcium chloride, zinc chloride-6-water and sodium hydroxide are 
other examples of deliquescent substances. Figure 16 shows some 
crystals which are stable. 


c eft) 


(a) copper (II) sulphate 


(b) gypsum (calcium (c) calcite (d) lead sulphide 
sulphate) 


Figure 16 The shapes of some crystalline salts. 


Summary 


At the end of this chapter, you should be able to: 


] Explain the term 'acid' and give examples of common acids. 


2 Describe the reactions of acids with indicators, metals, bases, 
alkalis and carbonates. 


Explain the difference between bases and alkalis. 
Explain what is meant by neutralisation. 


Explain what is meant by ionic precipitation. 


3 
4 
5 
6 Explain how an indicator works. 
7 Distinguish ‘strength’ and ‘concentration’ for acids and alkalis. 
8 Describe the pH scale and its use with Universal Indicator. 

9 Say what a salt is. 

10 Explain the importance of water of crystallisation to some salts. 
11 Describe a test for water. 

12 Say whether or not any particular salt is soluble. 

13 Choose a suitable method for preparing a salt. 


14 Describe how a salt may be made by reacting: a metal with an 
acid; a base with an acid; an alkali with an acid; a carbonate with 
an acid; by synthesis and by ionic precipitation. 


15 Explain the terms efflorescence and deliquescence. 


clean water 


Even clean water is not pure. It contains ions 

which need to be removed before the water is any 
good for industrial processes such as electro- 
plating. and for household uses such as washing. 
This process is known as de-ionisation and 
there are special chemicals which can do il. 
They are called ion exchange resins. 


Many modern ion exchange resins are fused 
onto a synthetic chemical called polystyrene 
which is made into small beads about | mm 
in diameter. If one of these beads were 
magnified about a million times, it would look 
rather like a dry bath sponge: the solid parts 
of the sponge being inter-linked chains, with 


sulphonic acid groups - S035 H= branching 
off them. 


H'So; l 


SO;H: 
H SO, 


805 H` "SOgH" 


The structure of ion exchange resin ( greatly 
magnified ) . 

Where have all the ions gone ? 

When impure water is passed through a con- 
tainer of the ion exchange resin beads, 
sulphonic acid groups swop their hydrogen 
ions for the unwanted metal ions in the water, 
These may be calcium or magnesium ions in 
hard water or heavier metal ions in industrial 
waste. 

The water that emerges from the resin 
contains no metal ions, but more hydrogen 
ions. There are hydrogen ions in pure water 
anyway so the water has been purified. It is 
said to have been de-ionised. If complete de- 
ionisation is required. the water can also be 


Modern ion exchange equipment. 


passed through a slightly different resin which 
Swops negative ions for hydroxide ions. W oe 
that has passed through both these types o 
resin will have had all ions removed except 
hydrogen and hydroxide ions, and that is pure 
water. This diagram shows how hard wate! 
containing calcium sulphate might be de- 
ionised by such a method. 
Very often, the two resins are mixed in the 
same container, j 
Obviously, the resins will run out. of 
hydrogen and hydroxide ions after a time. and 
will no longer be able to de-ionise water. But 
when this happens, the: 


y y can be regenerated. 
The hydrogen ions can | 


1 ul 
de replaced by washing 


hard water containing 


Ca^ 
Kc Ten ] T) 
ca SOs 
Caz: 
H So; 
Re 
He 
H om 
OH 


2H" + 20H 2H,0 


the resin with an acid solution and the 
hydroxide ions can be replaced by washing it 
with an alkaline solution. 

It is a simple matter to find out when the 
resins are exhausted. Whilst the resins are still 
fresh, few ions are left in the water, because the 
hydrogen and hydroxide ions which are pro- 
duced make up covalent water. In this state, 
it has a low electrical conductivity, whereas 
water containing a lot of ions conducts elec- 
tricity well. Thus a simple conductivity meter 
placed in a pipe after the water has been 
treated will indicate a low reading while it is 
working efficiently. However, as soon as ions 
start to pass through unchanged, the meter 
reading rises sharply. 


Ion-free water at work 
The main application of ion exchange is in the 
treatment of water for boilers. In high per- 
formance boilers, such as those used in power 
stations, de-ionised water must be used. 

Many industrial processes need water for 
rinsing. If water containing dissolved salts 
were used, a thin layer of solid might be left 
on the object. Transistors, for instance, arc 
etched. with acid or alkali and then washed 
with water since even tiny amounts of ionic 
impurities lower their electrical efficiency. 
De-ionised water is excellent for this purpose 
and, since it picks up only tiny quantities of 
impurities, it can be recycled through the de- 
ioniser and used again. 

In one car manufacturing plant, when 
de-ionised water was introduced for washing 


the parts on the electroplating line, rejects 
dropped from 30^, to zero. The washing water 
used in plating processes may pick up ions of 
metals, such as nickel and chromium, which 
are not only valuable but may exceed the 
quantities that may be legally discharged into 
rivers and sewage works. The 'swills can be 
passed through a suitable resin which absorbs 
those ions - the purified water can then be 
reused. 

Acids are used for etching steel before tin- 
plating or enamelling (to remove oxide im- 
purities deposited on the steel while it is wet), 
The acid gradually becomes converted to the 
metal salt and so becomes useless. If it is 
passed through a hydrogen ion exchanger, the 
metal ions are replaced by hydrogen ions, so 
reforming the acid. 

Computers need to work under strictly 
controlled conditions of temperature and 
humidity. Water is injected into the room in 
tiny droplets to raise the humidity. De-ionized 
water is ideal for this pupose, because if tap 
water were used, some would evaporate and 
deposit dissolved salts as a fine dust on the 
apparatus. 

Ion exchange reains are also used in ex- 
tracting metals from ores. For example, the 
residues from South African gold mines con- 
tain tiny quantities of uranium which are in 
very dilute solution. If this solution is passed 
through an ion exchange resin, the ions con- 
taining the uranium are absorbed. When the 
resin is regenerated, the ions are displaced as a 
concentrated solution from which the uranium 
can be obtained. 


De-ionised water used to clean car bodies before painting. 
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Cleaning up 
clean water 


Even clean water is not pure. It contains ions 
which need to be removed before the water is any 
good for industrial processes such as electro- 
plating, and for household uses such as washing. 
This process is known as de-ionisation and 


there are special chemicals which can do it. 
They are called ion exchange resins. 


Many modern ion exchange resins are fused 
onto a synthetic chemical called polystyrene 
which is made into small beads about | mm 
in diameter. If one of these beads were 
magnified about a million times, it would look 
rather like a dry bath sponge: the solid parts 
of the sponge being inter-linked chains, with 


sulphonic acid groups ( CSO,7H* branching 
off them. 
18031 
SO;H: 
H SO, 
805 H` 505 f. 


180300 


The structure of ion exchange resin ( greatly 
magnified ) . 

Where have all the ions gone ? 

When impure water is passed through a con- 
tainer of the ion exchange resin beads, 
sulphonic acid groups swop their hydrogen 
ions for the unwanted metal ions in the water, 
These may be calcium or Magnesium ions in 
hard water or heavier metal ions in industrial 
waste. 

The water that emerg 
contains no metal ions, 
ions. There are hydroge 
anyway 


es from the resin 
but more hydrogen 
n ions in pure water 
so the water has been purified, It js 
said to have been de-ionised. If complete de- 
ionisation is required. the water can also be 


Modern ion excha nge equipment. 


passed through a slightly different resin which 
Swops negative ions for hydroxide ions. Wate i 
that has passed through both these types 9 
resin will have had all ions removed except 
hydrogen and hydroxide ions, and that is pure 
water. This diagram shows how hard waler 
containing calcium sulphate might be de- 
ionised by such a method. 

Very often, the two re 
same container, 

Obviously, the 

hydrogen and hydroxi 
will no longer be 
when this h 
The hydrog 


2 : H hc 
sins are mixed in t! 


resins will run out of 
de ions after a time, and 
able to de-ionise water. But 
appens, they can be regenerated: 
en ions can be replaced by washing 
hard water containing 


Ca^ so: 


ds 


2H' + 20H 29,0 


the resin with an acid solution and the 
hydroxide ions can be replaced by washing it 
with an alkaline solution. 

It is a simple matter to find out when the 
resins are exhausted. Whilst the resins are still 
fresh, few ions are left in the water, because the 
hydrogen and hydroxide ions which are pro- 
duced make up covalent water. In this state, 
it has a low electrical conductivity, whereas 
water containing a lot of ions conducts elec- 
tricity well. Thus a simple conductivity meter 
placed in a pipe after the water has been 
treated will indicate a low reading while it is 
working efficiently. However, as soon as ions 
start to pass through unchanged, the meter 
reading rises sharply. 


Ion-free water at work 
The main application of ion exchange is in the 
treatment of water for boilers. In high per- 
formance boilers, such as those used in power 
stations, de-ionised water must be used. 
Many industrial processes need water for 
rinsing. If water containing dissolved salts 
were used, a thin layer of solid might be left 
on the object. Transistors, for instance, are 
etched with acid or alkali and then washed 
with water since even tiny amounts of ionic 
impurities lower their electrical efficiency. 
De-ionised water is excellent for this purpose 


and, since it picks up only tiny quantities of 


impurities, it can be recycled through the de- 
ioniser and used again. 

In one car manufacturing plant, when 
de-ionised water was introduced for washing 


W E 


De-ionised water used to clean car bodies before painting. 
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the parts on the electroplating line, rejects 
dropped from 30°, to zero. The washing water 
used in plating processes may pick up ions of 
metals, such as nickel and chromium, which 
are not only valuable but may exceed the 
quantities that may be legally discharged into 
rivers and sewage works. The ‘swills’ can be 
passed through a suitable resin which absorbs 
those ions - the purified water can then be 
reused. 

Acids are used for etching steel before tin- 
plating or enamelling (to remove oxide im- 
purities deposited on the stecl while it is wet). 
The acid gradually becomes converted to the 
metal salt and so becomes useless. If it is 
passed through a hydrogen ion exchanger, the 
metal ions are replaced by hydrogen ions, so 
reforming the acid. 

Computers need to work under strictly 
controlled conditions of temperature and 
humidity. Water is injected into the room in 
tiny droplets to raise the humidity. De-ionized 
water is ideal for this pupose, because if tap 
water were used, some would evaporate and 
deposit dissolved salts as a fine dust on the 
apparatus. 

Ion exchange reains are also used in ex- 
tracting metals from ores. For example, the 
residues from South African gold mines con- 
tain tiny quantities of uranium which are in 
very dilute solution. If this solution is passed 
through an ion exchange resin, the ions con- 
taining the uranium are absorbed. When the 
resin is regenerated, the ions are displaced as a 
concentrated solution from which the uranium 
can be obtained. 
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Chemistry matters 


i ists: > for acids, one 
1 Put the following substances into three lists: one for acids 
for bases and one for salts. 


FePO, 
NaNO H4NSO, CoSO, 0 
HCIO; NH.) HPO, H,S Na,O 

Lil H,SiO, Ba(OH), Fe(OH)». 
2 


T ;) for 
Write down the equations (words first, and then "e 
any reactions that dilute hydrochloric acid might have with: 
a iron b zinc oxide c 


potassium hydroxide 
d sodium carbonate e 


copper. 
3 What is a base? 
What happens when neutralisation takes pl 


4 What are alkalis? 
Describe, with the equa 
hydroxide will react with: 
a litmus solution b 
€ cobalt chloride solution. 


5 Two acids both have 
strengths. How can this be? 
indicator solution to distingu 

Which of the three pH 
Stronger acid, and which to 


ace? 
2 / assium 
tions where necessary, how potass 


dilute sulphuric acid 


the same concentration, but dinein 
Explain how you would use universa 
ish between them. x 
numbers 1, 5 and 13 corresponds to the 
the weaker one? 


6 What would be the colour of: 
a  phenolphthalein in dilute hydrochloric acid? 
b methyl orange in sodium hydroxide solution: 
c bromothymol blue in dilute nitric acid? 
d methyl orange in baking powder solution? 
€  phenolphthalein in health salts? 
f »romothymol blue in orange juice? 
Copper(I1) sulphate soluti i 


7 Aluminium nitra 


: te is a hydrated salt whose formula can be 
written as KINO HzO, where n is 


: a whole number. 8 
"P Calculate the relative molecular mass of the anhydrous 
salt. 

b Calculate the relative molecular mass of water. 

€ If the 


relative molec 


; 3 ular mass of hydrated aluminium 
nitrate is 375, calcul 


ate n. 


8 You are given a colourless liqui whi i be ate lr 
E S quid 'hich might water. 5 
have no thermometer but Ou Ei e su » ; 
B y do hay; S 5 hat 
E e ave some Coppi r( I) s lp : 


Plain how you could tex 105 see if it 15 
water. y d test the liquid to see 
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State whether the following salts are soluble or insoluble in 


water: 


10 


calcium carbonate; sodium nitrate; copper(II) nitrate; 
ammonium carbonate; cobalt(II) sulphate; silver chloride; 
lead sulphate; barium carbonate; calcium chloride; 

zinc nitrate; potassium sulphate; iron(III) chloride. 


Suggest, without giving experimental details, the best methods 


for preparing the following salts: 


11 


13 


zinc chloride; silver chloride; anhydrous aluminium chloride; 
leadsulphate; anhydrouszincchloride; calcium carbonate; 
potassium chloride; sodium sulphate; copper(II) nitrate; 
calcium nitrate. 


Give full experimental details of how you would prepare: 
aluminium chloride from aluminium 

copper(II) nitrate from copper(II) oxide 

potassium sulphate from potassium hydroxide 

cobalt chloride from cobalt carbonate 

silver chloride from silver nitrate 

anhydrous iron(II) chloride from hydrogen chloride gas. 


moana e 


Explain the meaning of the terms efflorescence and deli- 


quescence. Can you suggest a part of the World where copper(II) 
nitrate might not be deliquescent? 


Why is solid calcium chloride a good drying agent for damp 


gases? 


Ke "Gall SSC) STi 


10.1 
We've been 
here before 


10.2 

The laboratory 
preparation 

of oxygen 


He 


Al “si, PS och Ar 


Kr 
V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br 


Nb Mo Tc Ru 


Xe 
Rh Pd Ag Cd In Sn Sb Te | 


Š : xvgen 
If you have read chapter 8, then you will know a lot about oxyg 
already. 


: 15275 vs sis, com- 
It includes sections on respiration, photosynthesi 
bustion 


air. The uses of 
and the extraction of oxygen from the air. dag cades 
oxygen are mentioned as well. This chapter is about the d 


4 «ware in which 
ways of preparing oxygen in the laboratory and the ways in 
it reacts with other substances. 


Heating oxygen-rich compounds. 
tain oxygen which ma 
provide a simple mean 


Many compounds xe 
y be removed by heating. These compoun 

s of obtaining a supply of oxygen. 

l Heating lead IV) oxide. This is 


on heating gives off oxygen and tur 
leave lead(II) oxide: 


p, which 
a dark brown powder. wl Wi 
a Se 
ns yellow as it decompose 


2PbO;(s) — oppo, 


s)+ 
lead (IV) oxide 


Os(g). 
lead(II) oxide 


2 Heating dilead(1I) 
for a substance better k 
which when heated als 
oxygen as it does so: 


P PNA - amc 

lead(IV ) oxide. This is the chemical n en 

nown as red lead. It is a bright red pd 
© turns into yellow lead( II) oxide, evolviné 


2PbO,(s) — 6PbO(s) 


+ O,(g). 
red lead BNE 


lead(II) oxide 
3 Heating potassium nitrate. This substance is composed ol 
colourless crystals which have a high melting point. Quite a hig? 
temperature is needed to decompose the crystals. When they melt. 
bubbles of oxygen are evolved, to leave a pale yellow salt calle¢ 
potassium nitrite: 


2KNO,(s) 


See 2KNO,(s) d. 
potassium nitrate 


) O;íg). 
potassium nitrite 
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4 Heating lead nitrate crystals. These are white in colour. When 
they are heated, they decompose noisily. Noisy decomposition is 
called decrepitation. 


2Pb(NO3)2(s) — 2PbO(s) 4 4NO;(g) +O2(g). 
lead lead(II) nitrogen (IX) 
nitrate oxide oxide 


Two gases are given off: oxygen, and brown nitrogen IV) oxide 
which is very poisonous. This means that this is not a good laboratory 
method for making oxygen. 

Most other nitrates behave in this way and you can read more 
about them in chapter 16. 


Heating potassium chlorate with a catalyst. If potassium 
chlorate were to be heated on its own, a high temperature would 
be needed to decompose it. 

Addition of a small quantity of manganese(IV ) oxide catalyst, 
makes a lower temperature possible: 


2KCIO;(s —— 2KCl(s) + 302180 
potassium chlorate potassium chloride 


Figure | shows the apparatus which could be used. 


note how 
— deep the 
water is 


potassium chlorate 
and manganese (IV) 
oxide in ratio of 5:1 bee-hive shelf 


— trough 


Figure 1 Preparing of oxygen from potassium chlorate. 


This method of collection is called downward displacement of water. 
Great care must be taken when heating potassium chlorate because 
it is a very powerful oxidising agent. This means that if it is allowed 
to mix with carbon, or any similar substance like fluff or dust it 
can easily catch fire or explode. 
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Figure 2 


10.3 
Properties of 
Oxygen 


Chemistry matters 


Decomposition of hydrogen peroxide. Perhaps the mo 
frequently used method of preparing oxygen in the laboratory is the 


decomposition of hydrogen peroxide using manganese(IV) oxide 
as a catalyst: 


2H2020) — 2H200) - O;(g). 
hydrogen peroxide 


Hydrogen peroxide is a colourless liquid similar in appearance i; 
water. When the catalyst is added, the hydrogen peroxide fizzes an 

decomposes, without any heating being necessary, leaving just water, 
and of course the catalyst. More hydrogen peroxide may be added 


to produce more oxygen. Figure 2 shows the apparatus that might 
be used. 


tap funnel 
5 hydrogen peroxide 


catalyst of 
Manganese 
(IV) oxide 


A tap funnel is used so that th ide which 
is added ca € amount of hydrogen peroxide 


ec can be controlled. This makes it possible to control the speed 
at which the Oxygen is made, 


oll a oxygen produced by this method is wet, because it has been 
ir [or huc benen If dry gas is required, then it must 
sulph d 3, ,8 wash bottle containing concentrate 

Phuric acid, which is a drying agent. But, you cannot collect 

that because you would make it wet again! 

; cM 1 SON 
syringe. Straight into a gas jar, or be drawn into 


The properties of ga 


Ses can be divid sical 
ies ed into two sorts: physi 

properties, concerned with what the like. ul ical 

properties, concerned with what Y are like; and chemic? 


with the physical and chemical 


10.4 
Reaction of 
metals with 
oxygen 


Figure 3 
Heating a sample of 
metal in oxygen. 
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Physical properties of oxygen. Oxygen gas is: colourless, 
tasteless, odourless, and slightly soluble in water. 

When water is heated, bubbles of air come out of it just before 
it boils. These bubbles are mainly oxygen, because nitrogen (the 
other component of air) is virtually insoluble in water. The slight 
solubility of oxygen in water is important for the fish who use the 
dissolved oxygen to breathe. 


Chemical properties of oxygen. The following five sections 
deal with the various chemical properties of oxygen. 


Oxygen encourages combustion. Substances which burn 
in air burn more brightly in oxygen. This is because there is no 
nitrogen to get in the way. The usual test for oxygen is to put a 
glowing wood splint into the gas. If it bursts into flame, the gas 


is oxygen. 


Oxygen reacts with most metals. To examine the reaction of a 
metal with oxygen, the metal often has to be in powder form since 
a solid piece will not heat up sufficiently to ignite. The material is 
placed in the cup of a combustion spoon, heated, and then lowered 


into a gas jar of oxygen. (See figure 3.) 


combustion spoon 


oxygen 


Figure 4 shows the reactions of some of the more common metals 
with oxygen. You can use it for reference. 
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metal description of reaction 


equation 


potassium Potassium is a soft metal, kept 
under oil to try to protect it from 
air and moisture; when heated, 
it melts very easily and burns 
with a lilac flame to leave a 
white powder. 


K(s)+O2(g) — KO,(s). . 
potassium oxide 


sodium This is very similar in appearance 
to potassium. When heated it 
melts at a slightly higher 
temperature, and burns 
vigorously with a yellow flame 
to leave a pale yellow solid. 


2Na(s) + O2(g) — Na2O2 (50. 
sodium oxide 


calcium This metal comes in small 


granules. It does corrode, but is 
not kept under oil. When heated 
it does not melt, but it burns 
with a brick red flame to leave 

a white solid. 


2Ca(s) +O3(g) —92CaO(). 


calcium oxide 


magnesium This silver metal comes in ribbon 
form and corrodes slightly in air, 
When heated, it melts just before 


it burns. It does so witha blinding 


white flame, to leave a white 
ash. 


?Mg(s) -O;(g) — 2MgO(s). 
magnesium 
oxide 


aluminium When silver aluminium powder 
is heated in oxygen it glows with 
à white flame which i; less bright 


than that of magnesium, to leave 
à white powder. 


4Al(s) +30,(g) — 92AL,Os(s). . 8 
aluminium ox! 


zinc Grey zinc powder burns slowly 
with a dull red flame to produce 
wispy yellow/green flakes which 
are white when they cool. 

iron 


SS 
Grey iron filings sparkle when 
sprinkled into a flame. A pile of 
them will only just glow to leave 
a black solid. Steel wool burns 
with a bright sparkle leaving 
solid black lumps. 


| = 
2Zn(s) +O,(g) —> 2ZnO(s). 
zinc oxide 
d mE 
3Fe(s) -20, (g) — Fe304(s)- 
iron(II) 


iron (III) oxide 


Oxygen 
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copper Pink copper turns orange as it 2Cu(s) +O2(g) — 2CuO(s). 
corrodes in the air. When heated copper oxide 
it immediately becomes coated 
with black powder. 
mercury Silvery coloured liquid. Mercury 2Hg(I) +O2(g) —7 2HgO(s). 
becomes covered with red oxide; mercury (II) 
this coating disappears if it is oxide 
heated more strongly. 
silver Does not oxidise. 
gold Does not oxidise. 
Figure 4 The reactions of metals with oxygen. 
Figure 5 shows what happens when solutions of the oxides formed 
by metals are tested with litmus solution. 
metal oxide solubility effect on 
litmus solution 
potassium oxide very soluble turns blue 
sodium oxide very soluble turns blue 
calcium oxide quite soluble, gets hot turns blue 
magnesium oxide sparingly soluble turns blue 
aluminium oxide sparingly soluble turns blue 
Figure 5 zinc oxide very sparingly soluble turns blue 
The solubility of iron (III) oxide not soluble none 
metal oxides and their copper (II) oxide not soluble none 
i not soluble none 


effect on litmus. mercury oxide 


Metal oxides: bases or alkalis? 


Remem i 
the special name, alkalis. 


All metal oxides are bases. 
ber that some of the metal oxides are soluble, and they have 


The oxides of potassium and sodium are very soluble, so their 


solutions are strong alkalis. 


The oxides of calcium and magnesium are only slightly soluble - 


their solutions are weak alkalis. 


The oxides of aluminium and zinc are only very slightly soluble 


their solutions are just about alkaline. 


The oxides of the other metals are not soluble. They are not 


alkaline at all. 
You can see fro 
alkaline is its oxide. 


m figure 5 that the more reactive the metal, the more 
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The Activity Table. The metals may be placed in : 7 
table’ according to their reactivity with oxygen. (See 1 : IR 
called the Activity Table. There are more details of this in c ap 


Figure 6 


The Activity Table. 


10.5 


Reactions of 
non-metals 
with oxygen 


metal 


reactivity 


potassium 
sodium 
calcium 
magnesium 
aluminium 
zinc 

iron 

tin 

lead 
copper 
mercury 
silver 


gold 


strongly reactive 


weakly 
reactive 


oxygen. 


Figure 7 shows the reactions of th 


Figure 8 goes on to show th 
metals, and their effect on lit 
metal oxides are soluble in w 
means that their solutions wil 


ith 
e more common non-metals w 


€ solubility of the oxides of the Don 
mus solution. It shows that all 1 
ater and form solutions of acids. Thi 
l turn litmus solution pink or red. 


non-metal 


description of reaction 


equation 


carbon 


This black solid burns slowly 
with a yellow-white flame to 
form a colourless gas. 


e +O2(g) — co. 
carbon dioxide 


phosphorus This yellow solid, kept under 


sulphur 


water because it catches fire in 
air at room temperature, burns 
very brightly to Produce clouds 
of white smoke which 


settle out 
as a white solid. 


This yellow solid melts and 
catches fire, burning with a blue 
flame. Produces Misty gas with 
choking smell. 


Pa) +50,(g) = BO 5 (8) v) 
phosphorous( 
oxide 


S6) FO, (gy — SO;(g) . 
sulphur dioxide 


Figure 7 


The reactions of non-metals with oxygen. 


Oxygen ce 


non-metal oxide solubility equation effect on litmus 
carbon dioxide mildly soluble CO;(g) +H,0(1) slowly turns pink 


—— H,CO;(aq). 


phosphorus(V) oxide very soluble P,O;0(s) +6H,O(1) turns red 


sulphur dioxide 


—— 4H,PO,(aq). 


very soluble SO; (g) +H20(1) turns red 
— H,SO;(aq). 


Figure 8 The solubility of non-metal oxides and their effect on litmus. 


10.6 

Reaction of 
elements with 
oxygen 


Summary 


The preceding sections tell us that: 


All substances which burn in air burn much more brightly in 


1 
oxygen. This is the basis of the glowing splint test for oxygen. 
2 Metals burn in oxygen to form oxides which are called basic 


oxides or more simply, bases. Some bases are soluble in water and 


are given the special name, alkalis. 
3 All non-metals which burn in oxygen form oxides called acidic 
oxides. All acidic oxides dissolve in water to form solutions of acids. 


At the end of this chapter you should be able to: 


ame several compounds which decompose on heating to give 


1 N 
te the equations for these reactions. 


off oxygen, and wri 
2 Draw the apparatus, write the equation and describe the 
preparation of oxygen from potassium chlorate. 

3 Draw the apparatus, write the equation and describe the 
preparation of a dry sample of oxygen from hydrogen peroxide. 


4 Describe the physical properties of oxygen. 


5 Describe a test for oxygen. 


6 Describe the reactions of the common metals with oxygen, 
giving details of the solubility of their oxides and their effect on 


litmus. 


7 Describe the reactions 
giving details of the solubilit 


of the common non-metals with oxygen 
y of their oxides and their effect on litmus. 


8 Explain how metals can be placed in an Activity Table. 
acidic oxides. 


9  Distinguish between basic and 
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Anaesthetics 


People who went into hospital before the 
middle of the nineteenth century did so in fear 
because their chance of coming out again was 
slim. It wasn't that the Surgeons were poor at 
their job. In fact they were very efficient, A 
skilled surgeon could amputate a leg in nine 
seconds: faster than an Olympic athlete can 
run the hundred metres, They had to be fast 
because their patients were usually Screaming, 
and if they hadn’t been strapped down or held 
down by ass Stants, they would have been 
thrashing about too. The reasons for all this 
were that operations were very painful. There 
were no anaesthetics other than simple drugs like 
alcohol, opium, hemp and Sometimes even 
bleeding to make the patient faint. And even if 
the patient came through this great ordeal, his 
chances of survival were sti 


ll slight. Germs 
were not understood and antiseptics undis- 


covered. Many patients died of infections 
caught during the operation. The 
above shows an ‘operating theatre’ 
nineteenth century. 


etching 
of the early 


Nitrous oxide 
As early as 1800, Humphrey Davy had dis- 
covered a gas which made him unconscious 


when he breathed it. In fact, he made himself 


rather ill in his experiments with the gas. But it 


was not until 1844 that its strange gae 
were demonstrated to other doctors. It 1 d 
treated as a curiosity and people were allow 
to breath it at fairs as an enter Runmen. 
Because of the hilarity that accompanied 97 5 
occasions, it gained its nickname, /aughtng 


gas. iously at 
Only one man took the gas serious 


first. He was Horace Wells, a dentist ji 
Connecticut, USA. He was so impressed, 16 
he allowed a fellow dentist to pull out one of his 
teeth while he was under the influence 2 
nitrous oxide, and was amazed that he felt an 
pain. Unfortunately, when he tried the gas Ae 
one of his own patients later, he gave too i. s 
Nitrous oxide and the man gave a great yell a 
the tooth came out. People were not impressed. 


Ether and chloroform 2115 

At the same time, another American, William 
Morton, who was a surgeon at Massachusets 
General hospital, was taking an interest in pam 
killing compounds. In 1829, Michael Faraday 
had conducted experiments with a newly dis- 
Covered compound, ether, which could ee 
People to sleep, William Morton studied this 
liquid and tried it out first on goldfish, the" 


dogs, and finally on himself and his friends 
And in 184 > Performed the first operatio! 
under total anaesthetic, 


News quickly spread to England and in 
that same year, an eminent surgeon, Robert 
Lister, was able to amputate a leg in the 
liesurely time of 28 seconds, using ether. Many 
other compounds were being examined by 
doctors too. In 1847, James Simpson used 
chloroform in his operations and it was especially 
popular as a pain killer during childbirth. The 
seal of respectability was put upon this an- 
aesthetic when, in 1853, Queen Victoria used 
chloroform during the birth of her seventh 
child. However, not everyone approved. Many 
surgeons and church leaders, proclaimed that 
pain was necessary and should not be relieved, 
and of course, when people died during oper- 
ations, people were quick to condemn 
anaesthetics. 


Dangers 
When nitrous oxide was first used, at the start 
of the nineteenth century, it was a curiosity and 
few people had any idea of possible dangers. In 
fact, surprisingly only a few patients died from 
early anaesthetics, but although they may 
have prevented pain, they were very 
unpleasant. 
, Ether had a very pungent smell and 
irritated the eyes and throat. When patients 
came round afterwards, they often felt very 
nauseated and were sick. Perhaps the most 
Important danger of ether was that it was very 
inflammable. Doctors soon realised that as well 
as breathing anaesthetic fumes, the patients 
had to have oxygen as well or they would 
Suffocate, But ether fumes mixed with oxygen 
maken very explosive mixture and in the early 
days of anaesthetics, there were several explo- 
sons in Operating theatres. 
5 Chloroform was a much more pleasant 
anaesthetic to take. To ensure that the correct 
eng of air and fumes was inhaled the liquid 
cloth ripped onto a mask containing 1910 
a low T that the mask could be lifted je ay ^ 
excit 1 However, if the patient ecam 
cited or distressed as the anaesthetic was 
ME applied, there was a danger of fibril- 
E This is irregular and disorganised T 
oe of the heart muscles and it stops ^ 
Teco Pumping blood. Doctors had to €: ‘ 
ad gnise these new symptoms. There was a $ 
chl anger of liver damage t00, caused bythe 
?roform, Many patients recovered. from 


their 5 m 
i á ce 
afi Operations, only to get jaundi 
lerwards. ? 


a pad of 


145 


Modern anaesthetics 

Although nitrous oxide was at first forgotten, it 
was used later in the nineteenth century to 
relax patients before cloroform was then given. 
This was an early example of premedication. 

Now, nitrous oxide is used for most oper- 
ations. The anaesthetist first gives the patient 
an injection of a premedication drug that 
relaxes and sedates him. The drug also reduces 
the amount of saliva produced in the mouth 
and bronchus. This is usually done before the 
patients reaches the operating theatre to re- 
duce anxiety and stress. Once the patient is on 
the operating table, the anaesthetist gives a 
mixture of 65% nitrous oxide and 35% oxygen 
and mixes in other modern anaesthetics to 
increase the depth of unconsciousness to the 
level and length needed for the operation (see 
table). 

To make sure that the patient is com- 
pletely ‘under’, he looks for certain signs: 
breathing rate increases initially and then 
settles down; eyes movement become more 
rapid and then ceases with pupils at first 
dilating and then returning to normal. The 


patient is unable to cough or vomit and all 


muscles are relaxed. 


anaesthetic formula and structure 
nitrous oxide NO 

dinitrogen oxide 
ether (C2H50C:Hs 

cthoxyethane 
chloroform CHCl; 

trichloromethane 

Halothane CF;CHCIBr 

Enflurane CHFCICF;OCHF; 

Isoflurane ‘This is an optical isomer of 


Enflurane 
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i iration, photo- 
1  Wirite short revision notes on: combustion, a 7 5 id 
ynthesis, the extraction of oxygen from the air, the uses of oxygen 

S > b 


Ly from 
2 Describe how you would prepare a dry sample gk iocis i 
lead (IV) oxide. Include a diagram of the apparatus you 
and the equation for the reaction. 


ad nitrate. 
3 Look at the equation for the effect of heat on weh a licut 
Nitrogen(IV) oxide is soluble in water. It also condenses eire s 
ifitis dry, and cooled to about 0°C. Can you devise an appa 
get pure oxygen out of lead nitrate? 


is 188805 
4 Imagine you are a chemistry teacher. In S a 4 
you will show pupils how oxygen is made from hydroger 1 85 5 
You plan to collect the products from heating in s eh atta 
calcium, magnesium and iron, and the non-metals su P 


` S : to test 
carbon. After dissolving the oxides in water you are going 
them with litmus. 


ou would 
Draw pp notes and diagrams to show exactly what you 


do and what you would tell vour pupils. i aie 
: 4 : 2 hen $ 
One clever-clogs in the class asks you if the acid 1 ae "heh 
phur dioxide dissolves in water is stronger than the acid a 
carbon dioxide dissolvesin water. How would youanswer his ques 


P š d after 
5 Four new elements have just been discovered and name 


Á ; Bt), 
their discoverers, They are: Fredium (Fd), Bertium ( 
Sidium (Sd), Gertrudium (Gt). 


8 s m 
Look at this table of results, and answer the following questior 


element description of solubility of pH of 
burning in oxygen oxide solution = 

Fd Powdered Fd burns quite slightly soluble 9 
brightly to form a white 
powder. 

Bt A lump of Bt flares up brightly very soluble 14 
when heated slightly leaving a j 
white solid, | 

Sd Does not appear to burn but not very soluble 8 
turns grey on the surface, i 

Gt Melts and burns quite easily quite soluble 3 
to form a colourless gas. 


nts will probably ice 
a salt and hydrogen? Probably re 


" " u 
act with acids to prod 


i 


HRS) 
A simple atom 


11.2 
Industrial 
Sources of 
hydrogen 


Hydrogen 


rst element in the periodic table. It has an atomic 


Hydrogen is the fi 
Iso a mass number of 1. This is written as: 


number of | and a 
1 
IH. 
This means that an atom of hy 
one electron and no neutrons. 


drogen consists of only one proton and 


* Pd 
* 
MIT oo” 
Hydrogen gas is made of molecules. In order to get full outside 


shells of electrons, two hydrogen atoms share their electrons and 
make a molecule. R only 2 electrons are needed to fill 


the first shell. 


emember that 


The majority of hydrogen used industrially is 
made from natural gas by a process called steam reforming. Natural 
gas methane — is mixed with steam and passed over a catalyst of 
nickel at a high temperature and pressure. Carbon monoxide and 


hydrogen gases are produced: 

CH, (g) + H2O (8) = 3H,(g) CO (g). 

The temperature may be as high as 1000 ^C and the pressure greater 
than 50 atmospheres. To remove the carbon monoxide, the gases 
are mixed with more steam, and passed over another catalyst of 
iron(II) oxide. The carbon monoxide 1s converted to carbon 
dioxide, and more hydrogen is made: 

CO(g) HzO EL CO; (g) + H2(8)- 


the carbon dioxide is remove 
nly the hydrogen 15 left. 


Natural gas. 


d by dissolving it under 


Finally. 


pressure in water. so O 
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11.3 
Uses of 
hydrogen 


11.4 

Laboratory 
preparation 
of hydrogen 


Chemistry matters 


The Bosch process. A small amount of hydrogen is ste 
manufactured by the Bosch process. In this process steam is passe 


: 4 z 5 
over white hot coke, and this endothermic reaction produces carbo 
monoxide and hydrogen: 


C(s) c H;O(g) — CO(g) - H;(g). 


i ince 
This mixture of gases is called water gas. It was used as a fuel, sin 


ide 
both gases burn. Hydrogen was separated from the carbon monoxid 
by the same method as in the previous section. 


As a by-product. 
of other industrial proc 
is made by the electrol 
chapter 17.) 


A lot of hydrogen is obtained asa d 
esses. For example, when sodium 1 : 
ysis of brine, hydrogen is made as well. (Se 


l Probably the most im 
of ammonia. This is in t 
explosives. 


s a E y re 
Hydrogen is mixed with nitrogen and heated to a temperatu 


of 450 °C, at a pressure of 200 atmospheres, over a catalyst of iron. 
This produces ammonia: 


T SV sis 
portant use of hydrogen is in the eain 
urn made into fertilizers, nitric acid a 


iron catalyst 
N»(g)--3H, (g) "vom 3NH,g). 


You can read more about this in chapter 16. 


2 Hydrogen is used in the manufacture of margarine. 
3 Hydrogen is used in the manufacture of methanol, which i5 
used to make plasti 


E : à ion 
cs and fertilizers, It is also used in the productio 


of one of the starting materials for the synthesis of nylon. 


Hydrogen is produced whenever à metal reacts with a dilute acid: 
metal acid —— salt + hydrogen, 

Some metals react far too vig 
slowly, or not at all ( 
reaction is just right: 


Orous, 


ly with acids, and some react very 
chapter 9) 


o zinc is used because its rate o 
: hydrochloric 
UACT acid (dilute) — 

Zn(s) + 2HCl(aq) 


zinc 
chloride + hydrogen. 


Figure 1 


Figure 2 


C i funnel 


Hydrogen i49 


hydrogen 


( 


dilute hydrochloric 
acid 


zinc 


The preparation and collection of hydrogen. 


es in the acid and bubbles of hydrogen are 
te exothermic. More acid might have 


to be added as the hydrogen ions are turned to hydrogen molecules. 

If dry gas is required, then it must be bubbled through con- 
centrated sulphuric acid, and collected in a syringe. However, 
because hydrogen is 50 light, it can easily be collected upwards into 


a gas jar, as in figure 2. 


The zinc dissolv 
evolved. The reaction is qu! 


hydrogen 
y 
dilute 
hydrochloric concentrated 
acid — = sulphuric acid 
Zins 


The collection of dry hydrogen- 
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The physical 
properties of 
hydrogen 


hydrogen 


(a) (b) 


Chemistry matters 


It is odourless, tasteless and colourless. 
It is virtually insoluble in water. 


It is neither acid or basic. 


A O Ne 


It is much lighter than air, in fact it is the lightest of all gases. 
This property could be illustrated in a number of ways. 


a A balloon could be filled with hydrogen and allowed to 
float up to the ceiling. 


b Hou could perform the gas jar trick. (See figure 3.) 


(b) 


lids Z 
bang gases removed bang bang 
move px Z Es 


0 


2) 


Figure 3 The gas jar trick, 


splint. Both explode! 

This means that the 
gone down quite quickly 
they mix as wel]. 


hydro 


15 gen must have gone up and the air 


* gases do not simply change places 
5 Hydrogen molecules moy 
molecules, because they 
ment to demonstrate this 


* much m 
are much 


is shown i 


ore quickly than air 
smaller and lighter. An experi- 
n figure 4, 


Figure 4 


The diffusion of 


hydrogen. 


from leaking out by 


Hydrogen 


air molecules 


diffuse in and out hydrogen 


i— porous pot 


U tube 


I—— — water 


The porous pot is made of unglazed porcelain — rather like flower 
pots (not the plastic ones). The porous pot contains air molecules 
and they are constantly moving, in and out of the pot through the 

in it. At first, the liquid levels in the 


millions of tiny holes that are 
U-tube are the same, because the pressure inside the porous pot is 


the same as that outside. 
However, if hydrogen is pu 
pot, it too will start to pass throug 
Because the hydrogen molecules are sma 
molecules, they can get into the pot quick 


can get out. This increases the pressure int 
the U tube goes down on the left hand side. 
This movement of gases is called diffusion. 


t into the beaker around the porous 
h the little holes in the porous pot. 
ller and faster than the air 
er than the air molecules 
he pot, and the liquid in 


ecially 


ships have t0 be speciai 
he gas ( nowadays helium ) 


diffusion 


The surface of air 
treated to prevent t 
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11.6 
The chemical 
reactions of 


Chemistry matters 


Hydrogen-burns in air or oxygen. Ifa jet of hydrogen is lit, 
it burns with a tiny blue flame and produces steam: 


hydrogen hydrogen + oxygen —— steam. 
2H2(g) + O;(g) — 2H,O(g). 
The steam may be condensed and collected in the apparatus shown 
in figure 5, 
The hydrogen must flow through the apparatus for ten seconds 
before being lit, to make sure that all the air has been flushed out. 
hydrogen | 
— | 
hydrogen | 
flame 
suction pump 
to ‘drag’ steam 
through apparatus 
— cold water to 
condense 
calcium chloride the steam 
to dry hydrogen 
steam condensed 
to water 
Figure 5 Burning hydrogen. 


The explosi 
sion " ` 
a lot of energy in a short time chemical reaction which produces 


hydrogen | 


Figure 6 


Summary 


Hydrogen 
153 


Hydrogen is a d i 
a goo reducing agent. It will '€ OX 
from metal oxides. Figure 6 shows the apparatus Maece uad 


pyrex tube porcelain boats containing 
metal oxides | 


excess 
hydrogen 
burning 


Hydrogen is a good reducing agent. 


pass through the pyrex tube for ten 


The hydrogen is allowed to 
d then the excess hydrogen is lit at the 


seconds to flush out the air, an 
end of the tube. 
Samples of met 


they are heated as t 
and copper(II) oxide are easily reduce 
more reactive metals cannot be reduced in this way. (See chapter 18.) 


Suppose lead (II) oxide and copper(II) oxide were put into the 
apparatus. The black copper(II) oxide would be reduced to pink 
copper and the yellow lead(II) oxide would be reduced to silver 


coloured balls of lead: 
jae Cu(s) + H20(g); 


al oxides are placed in the porcelain boats and 
he hydrogen flows over them. Lead(II) oxide 
d by this method. Oxides of 


CuO(s) + Halg 
PbO(s) + H2(g) — Pb(s) + H20(g)- 
The steam which is produced in each case is carried out in the 
hydrogen. 
lete, the hydrogen is allowed to flow 


When the reaction is comp 


until the newly formed 
ng in the air. 


metals have cooled down, to prevent them 


from oxidisi 


At the end of the chapter you should be able to: 


of a hydrogen atom and a hydrogen molecule. 


1 Draw diagrams 
ent of their electrons. 


showing the arrangem 


e how hydrogen is made industrially. and state its main 


2  Describ 
uses. 


3 Describe how hyd 


rogen is made and collected in the laboratory. 


properties of hydrogen. 


4 Describe the physical 
ment to demonstrate. the lightness of 


5 Describe an experi! 
hydrogen. 
6 Distinguish betw 


can example of 


cen burning and exploding of hydrogen. 


hvdrogen acting as à reducing agent. 


7 Giv 


The Hindenburg 


Hydrogen has always been q very 
chemical industrially. lt was used 
years to build ‘lighter than air sh 
‘one to be built Sor commercial us 
‘The Hindenburg .. 


important 
Jor many 
ips. The last 
*. was called 


The Hindenburg 
The Hindenburg was a huge German airship 
that was built in 1936 by the famous Zeppelin 
airship Corporation, Contrary to many 
people's ideas, this airship was not a balloon 
pumped full of gas. but was a vast framew 
of rings and girders, making a rigid struct 
nearly fifty metres high and 250 
The framework was made of 


ork 
ure 
metres long, 
à copper and 


aluminium alloy c 
lighter than s 
aluminium, 
Covered with 
tight and sew, 
sailmakers in 
with a coat o 


TW 
alled Duralumin. which 1 
teel, but stronger than bm 
The outside of the eg Ue 
cotton fabric. This was 1 ae 
n into place by riggers 8 
the German Navy, It was pain 


-silver 
f dope, and, then a coat of si 
paint to protect it fr 


were secured inside the n 
€ of cotton fabric lined with ie 
ical, and between them the) 
000 cubic metres of hyd roger 
erful 16 cylinder diesel engines. 
attached to the j 


outside of the ship could de 
velop 5000 h.p. Th 


fully laden, the hamke 
vide lift for the ship's tot 


Weight 5 
bi ee It could do so with ease. 
Tuising « es could propel it along : 
s à | along at a 
€ speed of 140 kilometres per hour. The 


shi 
P could s 1 sto 
ta ir wi i 
y in the air v ithout stopping BE 


uel or z 

almost 29090 for 5 or 6 days, with a range of 

20.000 kilometres. i 
Cooks whi crew consisted of 15 stewar| 
ship diu cared for the 50 passengers. 

engineers paese i. and piloted by about 

A iuis inge riggers and officers. 
Star ourney in ie the Hindenburg spent 
fase s 115 otel luxury. They had large 
si lounges I bathrooms. a dining 
€re they could ars, and promenade areas 
in his is why enjoy: the view from windows. 
zu Particular p airships, and the Hindenburg 
ign etre so popular for long voyages. 
nid aked an crossings from Europe 
qui d go in l tates of America. Passengers 
Ickly but uxury but slowly by liner, or 
more uncomfortably by aeroplane. 


ds and 
The 


their j 


hat it was 1937, and ‘airliner’ 
Douglas DC-3, which had two 
had to stop every 2000 kilometres 
he Hindenburg allowed passengers 


(Don't forget t 
meant a 21-seat 
engines and 
to refuel.) pu 
to fly from Germany 


in old-fashioned com 
was more comfortable 


to America in four day 
fort. Indeed, the journey 
in another sense. Unlike 
an aeroplane, an airship floated through the 
air rather than flying and it was not affected 
much by bad weather. It did not bump up and 
down in air currents, and did not pitch and roll 
like a boat on the sea. It was a very safe way of 
travelling, except for one thing. It contained 
hydrogen. 

When hydrogen 


oxygen. and ignited. 


it leaks from à container, 
as it meets the air. But as long as it is inside 


something, away from air, it is quite safe. The 
hydrogen bags in the Hindenburg were care- 
fully isolated from the engines and kitchens. 


is mixed with air or 
it explodes violently. If 
jt can burn as soon 


and the area around them was ventilated so 
that any leaking gas would be carried out of 
the ship immediately. But to be absolutely 
certain, people were only allowed to smoke in 
‘safe’ areas, and crew members who visited 
the hydrogen storage area had to wear special 
shoes with no metal parts on them so that there 
was no chance of a spark being made on the 
metal stairs. 


the Hindenburg left Frankfurt in Germany 
for the U.S.A. It was a regular flight and as far 


in disguise and 
of the ship had 
be a saboteur on board. In fact, the saboteur 


angered by the German government’s 


part in 
the Spanish Civil War, 


planted a small 
b in one of the gas 
he ship had landed 


Sesture against the Ger- 
màn government because Adolf Hitler had 
said that like the Third Reich, the Hinden- 


burg was great and indestructible. 
But the Hind 
timing device we 
The radio r 
who was there 
mighty ship 


enburg was delayed and the 
nt off prematurely, 

€porter, Herbert Morrison, 
to record the arrival of the 
recorded the disaster instead. 


tv 


His recording for WLS, Chicago, had been 
going smoothly: 1 
“Here it comes, ladies and gentlemen, 
and what a sight it is, a thrilling one, a marvel- 
lous sight... The sun is striking the windows 
of the observation deck on the westward side 
and sparkling like glittering jewels on E 
background of black velvet ... Oh, o 0 
oh ...! It’s burst into flames... Get out p 
my way, please, oh my, this is terrible, oh mys 
get out of the way, please! It is burning, burst- 


ing into flames and is falling ... Oh This is 
one of the worst . . . Oh! It’s a terrible sight... 
Oh! . . . and all the humanity! .. . 


The fire, slow at first, quickly expanded as 
the gas bags burned open and the hydrogen 
mixed with the air. As the great ship lost its 
buoyancy and sank to the ground the panes 
gers and crew made desperate attempts to ge 
away. Some jumped while they were stil 
hundred feet above the ground. Some waited 
until the framework had fallen and — 1 
fought their way through the white hot me A 
Many were trapped and burned before they 
could get away; others were roasted as they 
ran under the burning gas or as flaming debris 
fell onto them, y 

After the hydrogen had burned away, the 
oil, metal and wood continued to burn fof 
many hours until only a charred skeleton was 
left. à * 

The scrap aluminium that was left be 
n back to Germany and used to make 
ter aircraft used in World War II. 
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Questions 


Hydrogen 
15 


1 Hydrogen forms a covalent compound with chlorine call 
hydrogen chloride. Draw a diagram of the structure of a à » i 
of hydrogen chloride showing the way in which yo ; espe 
clectrons to be shared. i e 
2 Look up isotopes in the i 1 ri isi 
aes 1 8 he index and write revision notes about the 
3 Find the chapter concerned with ammonia and read about th 
Haber process for the manufacture of ammonia. d 
a hat is the catalyst? How much is used up in the reaction? 
b Why does using a high temperature make the reaction l 
faster? a 


c Why does increasing the pressure make the reaction 


happen more easily? 


d This is an equilibrium reaction. Try to explain what that 
á d 


means. 
e Describe an important us 


hich methane can be converted into 


e for ammonia. 


4 Outline the way in W 
hydrogen. 


5 Describe the way in which you would show that hydrogen pro- 


vhen it burns. Mention the way in which you would 
he way that you would collect the water formed, 
that you would take in using hydrogen. How 


would you test the substance formed to see if it was actually water? 


6 Ifa balloon is filled with hydrogen and released, it floats up to 
the ceiling. A similar balloon filled to the same size with carbon 
dioxide sinks to the floor. By the next day, the hydrogen balloon has 
also fallen to the floor and it is much smaller than the carbon dioxide 


balloon. Why? 


7 How would you distin: 
containing hydrogen, oxygen and car 


8 What is a reducing a 
Name a substance W 


Name a substance which c se h 
Write an equation for a redox reaction inv 


Will hydrogen reduce sodium oxide? 

ist of safety rules that you would issue fo 
lot of hydrogen is going to be used. 
he employees may well be smokers, have steel 
tipped shoes and wear nylon jumpers They will switch on lights and 
work electrically operated machines. What special features will your 


xus? 
factory or laboratory have: 


duces water v 
make the hydrogen, t 
and the precautions 


guish between three unlabelled gas jars 
bon dioxide? 


gent? 
hich can be reduced by hydrogen. 
an oxidise hydrogen. 

olving hydrogen. 


ono N 


r a factory 


9 Write outa! 
or laboratory where à 
Remember that t 
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Li Be 


Carbon 


Carbon exists in tw 
graphite form is m 
€ven carbonobtain 
Structure of all tho 


o different forms: graphite, and diamond. 10 5 
uch more common. It can be soot, charcoa ilar 
ed from sugar or dehydrated bones. The molecula 
se substances is the same. (See figure la.) 

oms in graphite ar 
together in large fl 
one another and are held togeth 
nowhere near as strong as che 


over one another, The proper 
structure: 


e arranged in rings of six. "i 
at sheets. The sheets lie on top os 
er by very weak forces. These T 
mical bonds, so the sheets can im 
ties of graphite are explained by its 


AR a non- 
y. This is very unusual for a ge 5 

metal. Carbon has f in its outside shell. But look at si 
s 

; tom has only three bonds - onl} 
three electrons are used in bonding. Each carbon atom has a free 


as a fuel: 


C(s) -O;(g) — CO, (g). 


Carbon 


layers of carbon atoms arranged in rings 


very weak forces 


A L De e see 9 
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EA De — e E ue / in n 
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„ td 6. 4 g on 
7 SS — 
e e e Ei 
š m s— / 0 
La. pw | 


Figure la 
The structure of graphite. 


12.2 
Diamond 


1b 
The structure of diamond. 


The other form of carbon is called diamond. It is only rarely found. 
All natural diamonds were formed when graphite in the ground 
was subjected to extremely high temperatures and pressures. This 
is how synthetic diamonds are manufactured for industrial use. 
Figure lb shows the structure of diamond. 


You can see that the structure is quite different from that of 
graphite. The carbon atoms are joined together in a very strong 
tetrahedral arrangement. You can read a lot more about that in the 
next chapter. The properties of diamond can be explained by its 


structure: 


1 Diamond is the hardest natural substance known. The tetra- 
hedral arrangement of the carbon atoms makes the structure very 
rigid and almost impossible to break. Diamonds can only be cut and 
shaped by other diamonds. 


2 Pure diamonds are colourless. They sparkle in light. This is 
because light entering the crystal is reflected from face to face inside 
the crystal before being reflected out again. Sometimes the light is 
split up into its component colours while it is being reflected, and 
this gives some diamonds characteristic colours. When cut and 
polished, diamonds are very beautiful stones, but their value lies 
more in their rarity than in their beauty. 


3 Diamond will not conduct electricity. All the electrons in the 


carbon atoms' outside shells are used in the bonding, so that none 
are left over to carry an electric current. 

4 Diamond will burn. It needs a slightly higher temperature than 
graphite to start burning, because of its stronger structure. Needless 
to say, it is not used as a fuel. 
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12.3 
Allotropy 


12.4 
Limestone 


12.5 
Lime kilns 


Figure 2 
A lime kiln. 


Chemistry matters 


This property of carbon - its existence in two quite different forms — 
is known as allotropy. 


‘When an element exists in two or more different forms 
without changing state (i.e. melting or boiling), simply by 
having different arrangements of its atoms or molecules, 
it shows the property of allotropy.’ 


Graphite and diamond are allotropes of carbon. 


They are not allotropes however, because they are compounds and 
not an element. These were all made by different methods but they 
all started off as the shells of sea animals that lived millions of years 
ago, when most of the living creatures on Earth were in the sea. 
Limestone, chalk, and marble are all forms ofcalcium carbonate. 
Limestone is one of the most common naturally occurring substances. 
It is found in most parts of Great Britain and is usually obtained by 
quarrying. The limestone is blasted with explosives and thousands of 
tonnes of rock at a time are remov : 
then taken to crushers where it is broken into small pieces. Most of its 


roasted in kilns (see below) but a lot is used in the cement, steel, and 
sodium carbonate making industries. 


ed with mechanical shovels. It n 


When limestone is heated 


; : ; ‘de and 
5 it decomposes into calcium oxide an 
carbon dioxide: 


calcium carbonate ——> calcium oxide + carbon dioxide. 
CaCO3(s) —> CaO(s) +  CO,(g). 


Industrially, calcium oxide is produced in a lime kiln. (See figure 2. 


exhaust limestone 
gases 


gas burner inlets 


A 


12.6 
Laboratory 
preparation of 
calcium oxide 
and calcium 
hydroxide 


12.7 
Limewater 


Carbon 161 


The limestone is heated with a gas flame. The degree of ‘cooking’ 
can be controlled, to produce calcium oxide of different qualities. 
Calcium oxide has been used for many years. In agriculture, it is put 
on the soil, to neutralise acidity. The kilns were once wood fired, and 
many can still be seen today, often on coastlines where the limestone 
was roasted as soon as it was unloaded from boats. 


Ifa piece of limestone or marble is heated strongly in a bunsen flame, 
it glows white hot. When it cools down, it is crumbly, and its surface 
is powdery. This powder is calcium oxide. If water is added to it, the 
powder hisses and steams as it is converted to calcium hydroxide. 

Because the calcium oxide reacts so exothermically with water, 
its common name is quick lime. The work ‘quick’ comes from the 
latin meaning ‘alive’. It is used as a drying or dehydrating agent. 
Calcium hydroxide is commonly called slaked lime. Slaked' means 
‘thirst quenched’. 


calcium oxide + water — calcium hydroxide 
CaO(s) --H5O(I) — Ca(OH),(s) 
quick lime + water —— slaked lime 


Once made, calcium hydroxide is not very soluble in water, but it 
forms a weakly alkaline solution. 
— 2 " 

Ca(OH);(aq) Ca“ (aq) -2OH (aq). 
The common name for this solution is /imewater and it is used as a 
test for carbon dioxide. 

If carbon dioxide is bubbled through limewater, a white, cloudy 
substance is formed. The limewater is said to turn milky. The 
‘milkiness’ is in fact due to minute particles of chalk : 


Ca(OH);(aq)-- CO;(g) —^ CaCO;(s) HzO). 


Carbon dioxide is an acidic oxide and limewater is an alkali so when 
they react together, a salt is formed: 


alkali +acid — salt water. 


The salt in this case is calcium carbonate, which is insoluble in water. 
This is why the precipitate forms. 

If the carbon dioxide is bubbled for a lot longer, the precipitate 
redissolves, leaving a clear solution once more. This is because the 
calcium carbonate, a normal salt, forms a new type of substance 
called an acid salt in the excess carbon dioxide. The acid salt is called 
calcium hydrogencarbonate, and it is soluble in water, so it re- 
dissolves: 


CaCO,(s) + CO2(g) ＋ HZO) —> Ca(HCO)5(aq). 
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12.8 
Laboratory 
preparation of 
carbon dioxide 


Chemistry matters 


; : mm 4 
The chapter on air mentioned how carbon dioxide is made as 
product of burning. Some of it is also made by pupils in pii d 
laboratories ... there are three main ways of preparing carbo 


dioxide: heating carbonates or hydrogen carbonates, and by the 
action of dilute acids on carbonates. 


Action of heat on carbonates. When carbonates are heated, 
carbon dioxide is evolved and an oxide is left: 


heat x x ] 
carbonate —— oxide + carbon dioxide. 


Here are two examples: 


copper(II) heat copper(II) T 
carbonate oxide +carbon dioxide 


CuCO;(s) —> CuO(s) + CO,(g); 


A heat P . ULM 
zinc carbonate — zinc oxide + carbon dioxide 


ZnCO;() — ZnO(s) + CO,(g). 


; x E ate 
Two exceptions are sodium carbonate and potassium carbon 


Í : e 
which will not decompose when heated in a bunsen flame, becaus 
they are too stable. 


Action of heat on hydrogen carbonates. When hydrogen 


SEE n 
carbonates are heated, carbon dioxide is evolved. A carbonate, à 
water are produced: 


heat 
hydrogen carbonate “4 carbonate + carbon 


dioxide * "ater 
For example: 
sodium heat sodium carbon 
hydrogen carbonate carbonate ™ dioxide T Water. 
2NaHCO,(s) 


=> Na;C0,(s) ＋ CO; (g) + HzO. 
Sodium hydrogen carbonate is used in baking powder. When 4 em 
oder is heated in the oven, the sodiu e 
; poses, and the carbon dioxide makes t 
cake rise. 
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Action of dilute acids on carbonates. When acids are added 
to carbonates, carbon dioxide is given off; a salt and water remain: 


acid +carbonate — salt + water + carbon dioxide. 


This is shown in three examples. The third example is the usual 
laboratory preparation. 


1  Copper(II) sulphuric copper(II) carbon 
carbonate ' acid (dilute) sulphate se WATERS dioxide. 
CuCO;(s) + H,SO4(aq) — CuSO,(aq) + H5O(l) + CO;(g). 

2 Sodium nitric acid sodium i carbon 
carbonate (dilute) nitrate WAIST SE dioxide. 


Na,CO,(s) +2HNO3(aq) — 2NaNO (aq) +H,0(1) - CO, (g). 


3 Usual laboratory preparation. Carbon dioxide is usually 
prepared in the laboratory from marble chips and dilute hydro- 
chloric acid. (See figure 3.) 


"alci rochloric calcium carbon 
Calcium hyd n 1 dare qu SEDI 
carbonate acid (dilute) chloride dioxide. 


CaCO,(s) + 2HCl(aq) —> CaCl,(aq)--H;O(l) CO, (g). 


dilute hydrochloric 
acid 


C 


carbon 
dioxide 


Figure 3 

The preparation and 
collection of carbon 
dioxide. marble chips 


When the acid is added through the thistle funnel, the marble chips 
fizz and dissolve. The carbon dioxide is collected over water. 
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19.0 
Properties of 
carbon dioxide 


Figure 4 
The invisible gas and 
candle trick. 


12.10 

The reactions 
of carbon 
dioxide 


Chemistry matters 


1 IL is a colourless, odourless, tasteless gas. 


2 It is much heavier than air. Try the ‘Invisible gas and candle 
trick’. (See figure 4.) 


3 It is slightly soluble in water. Its solubility increases with 
pressure. 


4 


a d à J straight 
If carbon dioxide is cooled and pressurised, it turns straig! 
into 


: : . E 8 : ant. 
a solid, which is called dry ice. Dry ice is used as a refrigeran 
When it is heated, it does not melt, but sublimes to give a gas. 


Carbon dioxide does not support combustion. A lighted 
splint goes out when it is put into the gas. 


Carbon dioxide is an acidic oxide. 
solution when added to water. This acid is 


CO;(g) Ho — RO 


Carbonic acid is a weak 


; acidic 
It forms a weakly acidi 
called carbonic acid : 


aq). 


acid and is not kept in bottles like Qe 
€composes back into carbon dioxide an 
- carbonates and hydrogen carbonates are 


: aving black patches of carbon on the side 
of the jar: 


CO;(g) +2Mg(s) —> 2MgO(s) t C(s). 
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12.11 

The preparation Carbon monoxide (CO) may not seem to be very different from 
of carbon carbon dioxide (CO3). Its chemical properties are in fact very 
monoxide different indeed. Figure 5 shows the apparatus that may be used to 


prepare carbon monoxide in the laboratory. 


The carbon dioxide is made from marble and dilute hydrochloric 
acid. It is passed through a pyrex tube which is loosely packed with 
charcoal. The tube must be heated to about 1000 °C for the carbon 


to reduce the carbon dioxide: 


CO,(g)+C(s) — 2CO(g). 
The resulting gas is bubbled through potassium hydroxide solution to 
remove any unreacted carbon dioxide: 


CO,(g) +2KOH(aq) — K,CO3(aq) + H,0(1). 


It is finally collected over water. 


carbon 
is carbon monoxide 


potassium 
hydroxide — - 
solution 


_-marble chips 


Figure 5 The preparation and collection of carbon monoxide. 


12.12 
The Properties 1 II is a colourless, tasteless, odourless gas. 
of carbon M , 
monoxide 2 It is insoluble in water. 
3 It is very poisonous. 
12.13 
The reactions Carbon monoxide burns in air or oxygen. It burns with a 
of carbon blue flame to form carbon dioxide. 
monoxide 


2CO(g) +O2(g) — 2CO»(g). 
This flame can often be seen on the top of a domestic coke fire. 
Figure 6 on the next page shows the reactions that take place. 
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Figure 6 
An enclosed domestic 
coke fire. 


Figure 7 


carbon ae 


Chemistry matters 


2CO(g) +O3(g) — 2CO;(g) 


little, blue flames 


CO,(g) +C(s) — 2CO(g) 


C(s)+O,(g) — CO,(g) 


Carbon monoxide is a reducing agent. In the same way as 
hydrogen, it will reduce copper(II) oxide to copper, and lead (II) 
oxide to lead. Figure 7 shows an apparatus which could be used. 
The carbon monoxide is allowed to flow through the apparatus 
for a few seconds at the start to flush Out the air so that an explosive 
mixture of carbon monoxide and air is not formed. The excess 
carbon monoxide is burned at the jet because it is a poisonous gas- 
The carbon monoxide reduces the black copper(II) oxide to pink 
copper, and the yellow lead(II) oxide to silver coloured lead: 


CuO(s) - CO(g) — Cu(s) + CO, (g); 
PbO(s) +CO(g) — Pb(s) +CO,(g). 


lead (II) oxide copper (II) oxide 


carbon 
C {> monoxide 
burning 
heat heat 


Carbon monoxide is a reducing agent. 


12.14 
The Carbon 
Cycle 


Figure 8 shows a sequence of events which is called the carbon cycle 


1 All green plants take in carbon dioxide in the process called 
photosynthesis. The carbon dioxide is combined with water to make 
carbohydrates. 


2 Animals eat plants, and 


gh people eat both of them, so that the 
carbon originally 


taken in by the plants gets into all animals. 


3 Animals give out carbon dioxide as they breathe. 


4 Dead animals and plants give out carbon dioxide as the 
respiration product of bacteria and fungi. 


S 
N sunlight 
) 
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5 Factories and houses give out carbon dioxide as a result of 
combustion — even amateur beer and wine-makers take part in the 
Carbon Cycle because the process of fermentation gives out carbon 
dioxide. All these go on simultaneously - the carbon circulates. 


carbon dioxide in the atmosphere | 


photosynthesis 


a 


- respiration l respiration 


" 


52 OS 
eaten AE i 3 
t herbivores garon arnivores and factories 
se >| ominvores etc. 
I death death 
# S respiration 
food for bacteria and fungi 


Figure 8 The Carbon Cycle. 


Summary 


At the end of this chapter you should be able to: 


1 Explain the term Allotropy. 

2 Describe the difference in structure between diamond and 
graphite. 

3 Describe the properties of diamond and graphite and show how 
the properties of these two allotropes may be explained by their 
structures. 

4 Describe how quicklime and slaked lime are made from lime- 
stone. 

5 Explain the lime water test for carbon dioxide. 

6 Describe how carbon dioxide may be prepared by heating 
carbonates and hydrogen carbonates, and say how it is made in the 
laboratory from marble chips. 

7 Describe the physical properties of carbon dioxide. 

8 Explain the chemical reactions of carbon dioxide. 


c howcarbon monoxide is prepared from carbon dioxide 


9  Describ 
and metal oxides. 


and discuss its reactions with oxygen 


10 Give your version of the Carbon Cycle. 


Modern buildings- 
they’re all 
concrete and glass 


We take many familiar materials for granted. 
Houses are made of bricks and concrete and 
their windows are made of glass. Sometimes 
whole buildings seem to be made of nothing 
but concrete and glass. And what about those 
plate glass windows shops have? How do they 
get them so flat? Where do cement and concrete 
come from? Read on. 


Cement 


The first people known to have used cement 
were the Egyptians who used it to build their 
pyramids. The Romans used lots of it too; 
they had volcanic rocks that could be ground 
down and roasted into a powder rather like 
our modern cement. 

In 1824, Joseph Aspdin patented his 
Portland Cement’ which he said was “equal 
to the best merchantable Portland stone in 
solidity and durability’. 

Isambard Kingdom Brunel used cement 
when he built his famous tunnel under the 
Thames in 1838, and in 1851, a huge block of 


Portland cement was exhibited at the Great 
Exhibition in London. 


The rotating kiln of a cement machine 


The raw materials for cement are lime- 
stone, clay, water and coal. The clay and 
limestone are crushed and mixed with water, 
and this slurry is fed into a rotating kiln. 
Powdered coal is blown into the kiln at the 
same time and it is heated by oil or gas burners 


so that it burns at about 1500 °C. The mixture 
decomposes at this temperature into quick- 
lime: 

CaCO;(s) — CaO(s) - CO;(g). 


The mixture is then cooled and crushed and 
finally mixed with powdered Gypsum (cal- 
cium sulphate) to make Portland Cement. 

When cement is mixed with sand and water 
mortar is formed. If gravel or small stones are 
added, it is called concrete. As the concrete 
dries, the quicklime, clay and gypsum in the 
mixture slowly crystallise and bind the sand 
and stones together in a strong framework. 
Sometimes iron bars or meshes are embedded 
in the concrete to make it even stronger. 
Recently, Pilkingtons, the glass manufac- 
turers, have developed a form of concrete 
which has tiny fibres of glass mixed in it. This 
is called Glass Reinforced Concrete, and it 
can be cast into slabs, or sprayed and painted 
onto brickwork. It is very resistant to weather- 
ing and is very good at keeping the heat in. 


Glass 
Like cement, glass is a very old material and 
many ancient civilizations made things with 
it. It is thought that glass was discovered by 
accident when a mixture of sand and soda was 
heated in a hot fire. Someone found that a 
strong transparent substance was left glass 
has been discovered. 

' In a modern glass factory, sand (silicon 
dioxide) and sodium carbonate are mixed 
with scrap glass (called cullet) and this is 
heated in a big furnace or ‘tank’. The tank is 


jam jars, milk bottles, beakers 


169 


Milk-bottle manufacture 


heated to a temperature of 1500 C by big gas 
or oil burners. They react to form sodium 
silicate, which is the glas 


SiO; (s) + Na;CO;(s) > Na;SiO; s).-- CO;(g). 


The glass is rather like treacle at this tempera- 
ture and as it drains from the tank, it is 
chopped off by big metal shears into lumps 
called gobs. The gobs fall into moulds and are 
pressed by compressed air into the shapes of 
almost any- 
thing — before being allowed to cool down very 
slowly over a period of many hours. Items like 
milk bottles that have to stand a great deal of 
scratching and bumping are sprayed with 
titanium chloride solution to make them 
tougher. 

Plate glass for large windows is made by 
allowing the molten glass to flow onto a bed 
of molten tin so that it forms absolutely flat. 
This is known as float glass. 
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Questions 


Chemistry matters 


1 What does the term allotropy mean? Explain how the element 
carbon is capable not only of making marks on paper which can 
easily be removed with a rubber, but can also scratch marks on glass. 


2 Draw the apparatus you would use to: " 
a prepare a gas jar of dry carbon dioxide by heating 
copper(II) carbonate. 
b show how carbon dioxide can oxidise magnesium. 


3 Read the section in Chapter 3 concerned with hardness of 
water. Write short revision notes on how hardness gets into water. 


There is a similarity here with a lime water test that goes on for 
too long? What is it? 


4 Read the section in Chapter 11 concerned with the lightness of 
hydrogen. Carbon dioxide molecules are much bigger than hydrogen 
molecules and therefore diffuse much more slowly. Think carefully 
and try to design an experiment to demonstrate that fact. You will 


need a porous pot as in chapter 11, but you will have to modify the 
apparatus. 


5 You are given two jars of gas. One contains hydrogen and the 
other contains carbon monoxide. 

Both gases have several physical properties in common. What 
are they? How do they differ in their reactions with oxygen? How 
would you tell them apart? 

6 Describe how a molecule of carbon dioxide can start, and end 


up in the air, having made a journey through a blade of grass, ? 
lamb, and a starving Chemistry teacher! 
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13.1 
Organic and 
inorganic 


Figure 1 
nic compounds 
Produce eum gf 


carbon dioxide when 
they burn, 


Organic chemistry 


Chapter 12 was about the element carbon and how it forms oxides 
and carbonates. Along with the chemistry of all the other elements, 
this is usually described as inorganic chemistry. The chemistry in this 
chapter is organic carbon chemistry. What is the difference? 

Generally, organic chemistry deals with things that are living 
or have lived at one time. So one part of organic chemistry is con- 
cerned with plants and animals. The other part deals with anything 
that has been derived from coal or oil, because these had their origins 
in living things. This second part covers thousands of different types 
of chemicals from oils and solvents to plastics and drugs. After you 
have learned some organic chemistry you will see that organic 
chemicals fit into families, and that it becomes quite easy to distinguish 
organic chemicals from inorganic ones. 

One thing that most organic chemicals have in common is that 
when they are heated, they burn or char. Sometimes their flames are 
smoky, and sometimes they leave deposits of carbon. Some good 
examples are wood and paper, plastics and foodstuffs. (Don't forget 
the toast!) These compounds not only contain carbon, but hydrogen 
and sometimes oxygen as well. When they burn, some of the carbon 


gets converted into carbon dioxide, and the hydrogen forms steam. 


Figure ! shows an appar 
compounds. 


atus that could be used to detect these 


A 


do water 
pump 


lime water 
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62 
Families of 
organic 
compounds: 
the Alkanes 


13.3 
The properties 
of the alkanes 


13.4 
Biogas 


Chemistry matters 


The candle wax is an organic substance. As it burns, the gases in its 
flame are sucked through the apparatus by the water pump. Any 
steam that is formed is condensed in the cold U-tube, and may be 
tested with cobalt chloride paper. Any carbon dioxide that is pro- 
duced will turn the limewater milky as it bubbles through. . 
Thissecüon in the chapter has mentioned that organic chemicals 


fit into a series of families. The next few sections will introduce you 
to some of them. 


The first group are called alkanes. This family of organic compounds 
are hydrocarbons. This means that they contain carbon and hydrogen 
only. 

The simplest member of the family is a gas called methane. 
The molecular formula for methane is written as: CH4. 

When dealing with organic compounds, it is more helpful to 
write the structural formula for a compound because it shows much 
more clearly how the atoms are arranged in the molecule. 

The structural formula for methane is: 


The carbon is firmly bonded to the four other atoms. Alkanes 
are said to be saturated compounds because of this. 

Even this structural formula does not truly represent the shape 
of methane molecules. In fact, the four bonds of the carbon atom are 
arranged in a tetrahedral (triangular pyramid) shape like this: 


The molecule is completely symmetrical. It looks the same no matter 
which way you turn it. 


Figure 2 shows the first four members of the family of alkanes, 
and gives some details ab 


) out them. A 
A family of organic compounds is called a homologous series. 
because all the members of the family have a similar shape ° 


molecule. You can see that each compound has one carbon and tW? 
hydrogen atoms more than the one before. 


The first four members of the series are gases. As their 
molecular size goes up, 


their boiling point goes up. At room tem- 
perature, the next alkane pentane does not boil — it is a liquid. The 
next eleven alkanes are 


: all liquids at room temperature. After this 
their molecules are so large that they become solids. 


ganic materials rot and decom- 
| ; household rubbish, and manure: 
When they are put into a containe 


Organic chemistry 
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name molecular structural formula state occurrence use 
formula 
| 
m 
ethane CH, H—C——H gas as natural gas fuel; 
| and in rotting industrial 
H vegetation and preparation 
fire damp' in of hydrogen 
i f mines 
ethane C,H, m ap gas fuel 
H H 
L1] 
propane C,H, H——c——c——C——H__ gas obtained fuel 
| | | from oil 
H H H 
iti 
" | 
utane C4H;o H | i j | H gas fuel 
H H H H 
Fi 7 
igure2 The homologous series of alkanes. 


Some co 
there are estimated to be se 
West Indies, biogas digesters turn anima 


untries already use biogas on a large scale. In China 
veral million digesters in use, and in the 
] manure into fuel for 


factories. In Great Britain, many sewage works use the biogas they 


make whilst treating the sewage for heating purposes. 


Methane is a good fuel. 


We have abundant supplies of 


methane from the North Sea oil fields. With a good supply of air, 


methane burns with a clean flame: 
CH. (g) +202(g) — CO2(g)+ 2H20(8). 


Ethane burns in a similar w 
easily liquefied by pressure an 
into containers for cigarette 
Calor gas is mainly butane. 


ay. Both propane and butane can be 
d this makes them suitable for putting 
lighters and cylinders of camping gas. 
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13.5 


Isomerism 


13.6 
Alkenes and 
alkynes 


ba 
"d es 


Chemistry matters 


again at the structure of butane: . 
. draw another version of this molecule, with the Eo 
molecular formula, but with a different structural formula. T. : 
atoms are arranged in a different way. This arrangement is calle 
2-methyl propane. 


H H H H H H H 
H | | | | H 8 
Lidh L| 4 
H—G-——H 
! 


These compounds which have the same molecular formula, but 


: f l 
have different structural formulae are called isomers. The genera 
name for this is isomerism. 


Alkenes and alkynes are two other types of hydrocarbons, but they 
are unsaturated. 'This means that each carbon atom is bonded to less 
than four other atoms. Instead of hav 
between each of the carbon atoms, d 
the molecule as well. 

Alkenes. The first member of the hom 
is ethene (C, H,) 


ing a single covalent bond 
ouble and triple bonds exist in 


ologous series of alkenes 


Ethene is produced industrially from oil. When oil is fractionally 
distilled, some of the components of the oil are made of big molecules 
which can be broken down into smaller molecules—including ethene: 
The oil products are mixed with steam and passed over a very-hot 
nickel catalyst. This process is called catalytic cracking. 

Like the alkanes, ethene burns, but with a smokey flame. 


C2Ha(g) +302(g) — 2CO2(g) + 2H,O(g) 
Ethene is mainly used for makin 
Chapter 20) and for chemicals like 


Alkynes. The first member of 
is ethyne: 


g plastics like polyethene (see 
the ethan-1,2-diol in antifreeze. 
the homologous series of alkyne 


C,H, H—C==C—y 


Alkynes contain triple bonds. 
Ethyne burns with a ver 


Y sooty flame. It needs a very good 
supply of oxygen to burn com 


pletely: 
2C4H;(g) +502(g) — 4CO, (g) +2H,O(g). 


Ethyne is used in the production of polyvinyl chloride (PVC). (See 
chapter 20.) 


18.7 

Two types of 
reaction— 
addition and 
substitution 
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Hydrocarbons react in different ways depending upon whether or not 


they are saturated. 

: Saturated compound like methane and ethane undergo substi- 
tution reactions. If ethane gas is bubbled through bromine, one of the 
hydrogen atoms in the ethane molecule is replaced by a bromine 


atom. 
H H H H 


H—C—C—H(g) + Br2(aq) > H—C——C 


H H H H 


Br(l) + HBr(g) 


The products of this reaction are bromoethane and hydrogen 
bromide gas. All saturated hydrocarbons react with chlorine, 
bromine, and iodine in a similar way. 

Unsaturated compounds like ethene undergo addition reactions. If 
ethene gas is bubbled through bromine solution, the double bond in 


the compound is broken to that two bromine atoms are added to the 


structure of the ethene. 
H H 


jp a (g) + Bra(aq) + Br —C-— C 


. 


The product o 
colourless oily 


Br(l) 


H H H 
f this reaction is called 1,2-dibromethane. This is a 
liquid and the red colour of the bromine solution 


disappears as the reaction takes place. 
Ifunsaturated hydrocarbons are made to react with hydrogen in 


this way, alkanes are made. 


H 
w & | | 
: catalyst R 


of nickel 


thane. This process is called hydrogenation. 


Ethene is made to turn into € 
n vegetable oils into margarine. 


It is the reaction used to tur 


Saturated compounds undergo substitution reactions. Unsaturated compounds 


undergo addition reactions. 


13.8 
Alcohols 


Figure 3 
The homologous 
series of alcohols. 


13.9 

The formation 
of ethanol by 
fermentation 


Chemistry matters 


The word alcohol is the family name of another homologous series. 
Figure 3 gives details of the first three members 


name molecular formula structural formula 
H 
methanol CH,OH —— 
H 
H H 
ethanol C;H,OH H——6G——6——0——H 
H H 
H H H 
propanol C3;H,OH "aw —¢—o—H 
| H H 


Methanol is ver 
‘alcohol’. 
butanol a 


Y poisonous. Ethanol is what is usually called 


It is made by the process of fermentation. Propanol and 
re similar to ethanol in behaviour, 


Beer is made from barley. Full details of how it is made are given 
the extra-time section, 


The essential part of the process is carried out by yeast. Yeast 


is a living substance, and as it works it multiplies itself. It contains 
chemicals called enzymes, 


ng) They are organic catalysts. They help t? 
break down malt from the barley into sugars. Eventually, glucose 15 
d into ethanol and carbon dioxide: 


C,H, 20,(aq) —> 2C,Hs5OH (aq) +2CO,(g). 


This is the fermentation process. It needs a closely controlled 
temperature in the range 18 20 C. At lower temperatures, the 
yeast becomes dormant and very slow acting. At higher tempera- 
tures, the yeast may be killed. | i 


in 


formed which is converte 


Many different sugars, 


and starch from many foods such 25 
potatoes can be broken down 


by enzymes to make ethanol. Wine 5 


N 
Ry air lock 
477 


rD 

bubbles of 
carbon 
dioxide 


fermenting 
liquid 


Figure 4 
A wine fermentation 
jar. 


13.10 

The physical 
properties of 
ethanol 


13.11 
The reactions 
of ethanol 
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made from grapes, which have their own enzymes on their skins. 
Wine can also be made from many fruits and berries. 

Beers vary in the percentage of ethanol that they contain, but 
the fermentation is usually stopped when it has reached about 3-4% . 
Some beers are much stronger however! Wines have about 14-209, 
of ethanol. Fermentation stops naturally when all the sugar has run 
out, or when the ethanol has reached such a concentration that the 
yeast is poisoned. Drinks like sherry and port have extra ethanol 
added. 

Spirits contain a much higher percentage of ethanol because 
they are distilled after fermentation. 

Although it is quite legal to make your own wine and beer at 
home, you are not allowed to sell, or distil it. 

Figure 4 shows a typical fermentation apparatus that might be 
used by an amateur wine maker. The air lock on top allows the 
carbon dioxide to get out, but prevents air from getting in. 


1 It is a colourless liquid with a sweet smell. 


2 It has a boiling point of 78 "C. 


Ethanol is a fuel. It burns with a fairly clean flame: 


C,H,OH(1) +302(g) —~ 2CO,(g) * 3H;O(g). 
atains ethanol mixed with a small amount of 


Methylated spirits cor 
Colouring and a taste are added to prevent 


methanol and water. 
people from drinking it by accident. 

ts of the World like Brazil, where oil is very expensive, 
ethanol (made by fermenting sugar) is mixed with petrol. In 1983, 
Brazilian petrol stations were selling a mixture of 20% ethanol with 
petrol in a fuel called Alcool. Plans are made to convert all cars to 
eventually run on pure ethanol. Apart from the money that this will 
save on imported oil, air pollution will be cut because of the way in 


which ethanol burns. 


In some par 


Ethanol is a covalent liquid. This means that it cannot be an 
alkali despite the fact that it contains an -OH group on the end of 


its molecule. . 

The —OH group is not an 10n. 
because it contains an OH ion: 
C,H,OH NaOH 


Because ethanol does not contain hydr 


Sodium hydroxide is an alkali 


oxide ions, it has no effect on 


litmus. 
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13.12 
Organic acids 


13.13 
The properties 
of ethanoic acid 


Chemistry matters 


There is also a family or homologous series of organic acids. The first 
member is methanoic acid, which is found in stinging nettles and 
ants — but ethanoic acid is much more common. It is the acid in 
vinegar. It is made when ethanol is oxidised. This can happen to the 
ethanol in wine. It is attacked by bacteria who use air to oxidise it. 
Wine-makers use an air lock to prevent this happening: 


air 3 3 
ethanol —— ethanoic acid. 
bacteria 


C;H,OH(l) ———> CH,COOH(ag). 


Figure 5 on the next page shows the first four members, their mole- 
cular and structural formulae. 


name molecular formula structural formula 
methanoic acid HCOOH H d 
X 
OH 
H [9] 
ethanoic acid CH4COOH mo j 
hes 
H 
H H o 
propanoic acid C;H,COOH | : / 


because it is only slightly ionised in solution. 


13.14 
Soaps and 
detergents 
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Ethanoic acid reacts with alcohols to form esters. For 
example: if ethanol is warmed with ethanoic acid, in the presence of 


a few drops of concentrated sulphuric acid as a catalyst. a glue- 
like smell soon appears. This is due to the formation of an ester called 


ethyl ethanoate. The process is called esterification: 
ethanoic acid + ethanol = — ethyl ethanoate + water. 


CH,COOH (1) +C,H.OH()) == CH,COOC,H; (1) + H;O(l). 


Ethyl ethanoate has the structure: 
H o H H 
| 7. | 
H—C—C—0 | | 
| H 


H 


s a two-way arrow in the middle. This is 
a type called an equilibrium reaction. The 
ethanol and ethanoic acid will never be completely converted to 
ethyl ethanoate and water. The final mixture will contain some of 
all four chemicals. The ester must be removed by distillation. Esters 
are responsible for many of the odours and flavours in flowers and 
fruits. Because the reaction is reversible, the ester can be turned 
back into ethanol and ethanoic acid. The reverse process is called 
hydrolysis and it is done by boiling the ester with sodium hydroxide 
solution. Hydrolysis is used in the manufacture of soap from naturally 


occurring esters. 


Note that the reaction ha 
because the reaction is of 


oup of compounds based on organic molecules 
ts are cleaning agents, and soap is one of the 
de when animal fats or plant oils are boiled 
with concentrated sodium hydroxide solution. This process is called 
saponification (soap-making). The fats and oils contain esters which 
are made up from an alcohol called glycerol, and big organic acids. 
A typical ester might be glyceryl stearate, and this is its structural 


One important gr 
are detergents. Detergen 
oldest of these. Soap is ma 


formula: 
H 
o 
[om a i en 
0 
| 
—' E ma 
£ C—H 


Giese 9 


H 


a — . Vm 
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When glyceryl stearate is boiled with sodium hydroxide v oai 
is hydrolysed. Glycerol and the sodium salt of stearic acid are formed: 


H H 
O 
a 
C, Hs —C—O—C—H 
^ | +3NaOH — 3C,H4COO-Na*& „„ 
Cpl — ee — Oo sodium stearate | 


HO—C—H 


4 —c—H 
eae He 


H H 


The salt — sodium stearate — 
from solution by the additio 
and colouring are added b 
wrapped. Chapter 3 explain 

Modern detergents are 


is one form of soap. It is precipitated 
n of brine. After purification, perfume 
efore the blocks of soap are cut and 
s the washing action of soap. 

called soapless detergents — they do not 
form a scum with hard water. The way they work is similar to that 
of soap. Note that they usually end with a sulphonic acid group: 
A typical soapless detergent might be: 


H H 
PR 9 
cited Man 
\ d | 
N 0 
H H 


Soapless detergents are made by heating vegetable oils such as olive 
oil, palm oil 


| or oils from petroleum — with concentrated sulphuric 
acid. They have the same Sort of washing action as soap. 


Summary At the end of this chapter you should be able to: 


1 Identify an organic compound by the way it occurs or is made. 
2 Describe an experiment to show that most organic compounds 
contain carbon and hydrogen. 
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3 Explain what is meant by the term homologous series. 


4 Distinguish between a molecular formula and a structural 
formula. 


5 Name the first four members of the homologous series of alkanes, 
and give their structural formulae. 


6 Suggest uses for the alkanes. 

7 Write a combustion equation for an alkane. 

8 Explain the term isomerism, using butane as an example. 
9 Draw the structure of ethene and ethyne. 


-10 Distinguish between a saturated hydrocarbon and an un- 
saturated hydrocarbon. 


11 Write the structural formulae of methanol and ethanol. 
12 Explain what is meant by the term fermentation. 

13 Explain why ethanol is not an alkali. 

14 Draw the structure of ethanoic acid. 

15 Explain why ethanoic acid is a weak acid. 


16 Write equations for the reactions of ethanoic acid with a metal, 


a base and a carbonate. 


17 Write the equation for the reaction between ethanol and 


ethanoic acid. 
18 Explain the terms esterification and hydrolysis. 


19 Describe one advantage of a soapless detergent over soap. 


20 Briefly outline the preparation of soap. 
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Ethanol, or Chateau Rahoul? 


Bordeaux 


‘Oak kissed, lemon: 
round, with class,’ 


y, balanced, crisp and 


This is how one wine ex 
Graves wine made in Fr. 
Bordeaux. 

It starts life, like all wines, as a grape, on a 
vine growing on soil well drained, but lackin 
in many nutrients: the Sort of soil that a 
cabbage might refuse to grow in! 


Pert describes a white 
ance, near to the city of 


The right moment 

By the end of September, if the weather has 
been warm and there has been a lot of sun- 
shine, the grapes will be plump and full of juice. 
The juice will contain lots of sugars. Grape 
sugars are turned into ethanol during the 
process of fermentation and the longer the 
grape stays on the vine, the sweeter it will get 
and the more ethanol it can produce. The 
vineyard owner has to make a delicate calcul- 
ation. Pick the grapes too soon and they may 
not have reached their peak. Leave them too 
long and they may rot or be destroyed on the 
vines by storms in late Summer. As soon as the 
moment is judged to be right, the grapes are 
cut in bunches and brought in from the fields. 


Less rush, better wine d 
First of all, the grapes are left to um 
overnight. This allows chemical reactions io 
start right inside the grapes. Enzymes start : 
break down the cell walls allowing . 
chemicals within the grapes to start mixing 4 
they cool down from being in the hot 9 85 
Sodium metabisulphite powder is sprinkled yon 
the grapes too. This kills any wild yeasts on t 

skins of the grapes before unwanted fermen- 
tation can start before it is time. It also stops 
bacteria turning the fruit bad. Both of these 


things ensure the best flavour in the wine that is 
to be made. 


Extracting the juice 
Next morning, 


the cool grapes are put into 4 
Sterile, stainles 


S steel tank where they are 
gently pressed to remove their juice. This is to 
bea white wine, so the skins are left behind and 
the juice is allowed to flow into another tank. 
Here, nitrogen gas is bubbled through it so that 
as much air as Possible is forced out of the juice- 
Oxygen in the air Produces chemicals which 
make the wine go brown and gives it an 
unpleasant taste. 


The juice is cooled too. At 0 °C, tiny solid 


particles suspended in the juice settle out, 
making it crystal clear. Now the chemist takes 
over. He measures the sugar level in the juice: 
this will tell him the eventual ethanol content 
of the wine. Next, he measures its acidity. 
Tartaric acid in wine gives it bite and fullness. 


The right yeast 

So that wines from the same district have the 
same character from year to year, special 
blends of yeasts are added to the grape juice. 
They are preserved by freeze drying them (just 
like instant coffee) and are brought to life when 
they are dissolved. The different strains of 
yeasts can be identified by growing them on 
agar jelly in petri dishes. 

As soon as the yeast is added, the juice 
starts to ferment. This process takes several 
days and the wine must be kept cool while 
it happens because fermentation is an 
exothermic process. 15°C is the normal tem- 
perature. Below this level, fermentation would 
be too slow. Above it, the wine might become 
discoloured and the yeast might even be killed 
off. 

Finally, the fermented liquid is tapped off, 
sometimes directly into bottles, where it is 
tightly corked to keep the air out and some- 
times into oak casks where it is allowed to age 
and mature, often for many years. Wine is not 
simply a mixture of ethanol and water. The 
Various sugars in the grape juice produce other 
alcohols too and during the fermentation and 
aging, complicated reactions take place. The 
alcohols react with acids to make esters, chem- 
icals which give the wine its flavour and smell. 
Aldehydes and ketones are formed, and gly- 
cerol too, which forms the oily drops seen on 
the sides of wine glasses. In some cases, fer- 
Mentation is allowed to continue after the wine 
has been sealed up so that carbon dioxide is 
dissolved in it too. This is how fizzy wines like 
champagne are made, although the process of 
doing it is difficult and expensive. 

The chief enemy of wine is air. Oxygen 
Oxidises the ethanol in the wine to ethanolic 
acid (vinegar) and the wine goes sour. 


Not just one wine 

Wines can be white, red, or pink. This depends 

upon the type of grape used, and whether or 

Not the skins are included in the fermentation. 
ines don’t only come from France either. 

Germany, Italy, Bulgaria, Spain, and many 

Other European countries are famous for wine, 
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and Japan, USA, Australia, New Zealand, and 
Southern England make wines too. Even 
though many of these countries use exactly the 
same sort of grapes, the wines are quite differ- 
ent because the soil and yeasts are different. 
Some wines, such as those from the Loire valley 
in France are white and very dry (the opposite 
of sweet), because all of the sugar is changed 
into ethanol. Other white wines from parts of 
Germany are very sweet because the grapes are 
left on the vines for so long that the maximum 
amount of sugar is produced. Often they 
become shrivelled up and sometimes even 
freeze on the vines in the early Autumn frosts. 


Ethanol can be dangerous 

Ethanol, in wine, beer, cider, whisky, gin, and 
all the many forms of alcoholic drinks, is a 
dangerous drug. 

In the smallest of quantities it affects 
judgement and when taken in very large 
quantities, it can kill. Whilst drinking ethanol 
is a socially acceptable habit, in which most 
adults indulge, and which has a relaxing effect 
provided it is consumed in small quantities, 
here are some points worth thinking about. 

Ethanol makes you fat. A pint of beer 
contains the same amount of carbohydrate as 
three slices of bread. 

Ethanol is absorbed directly into the 
bloodstream from the walls of the stomach. A 
concentration of 0.195 of ethanol in the blood 
is enough to affect judgement and slow down 
responses. 

Ethanol can make you sick when you 
drink too much. 

Ethanol inflames the lining ofthe stomach 
and causes indigestion. 

Drinking a lot of ethanol, regularly, can 
lead to cirrhosis of the liver, stomach ulcers, 
high blood pressure, vitamin deficiency and 


can encourage the growth of stomach, mouth, 


and throat cancer. . 

Ethanol can lead to depression and psy- 
chiatric disorders. . 

People can become addicted to ethanol. 
Alcoholics are drug addicts. i 

It is against the law to drive a motor 
vehicle with more than 80 mg of ethanol per 
100 ml of blood. A policeman can stop you and 
breathalise you even if he only suspects that 
you have been drinking. The maximum pen- 
alty for this is £1000 fine and six months in 
prison. - . 
You can't drink in a pub until you are 18. 
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Questions 


custard 
powder 


Chemistry matters 


1 Explain why nylon, whose ingredients come from coal and 


i re zinc carbonate, is 
is thought of as an organic substance, whilst the ore zinc carbona 
said to be inorganic. 


: "UM "har 
2 Write a list of 10 everyday substances which go black and € 
x 1 TE ae 2 
when they are heated. Are they all organic substances: 


i yas se show that custard powder 
3 The following apparatus was set up to show that custard | 
gives off carbon dioxide and steam when heated. 


ice 


+ water 
The custard powder charred asd went black and the limewate 
went milky. However, 


: : red in the 

very little condensation appeared in aa 
U-tube. Where had the steam gone? How would you modify 
apparatus? 


4 Write down the molecular formul 


C " its 
a of hexane and draw 
structure and formula. 


Is it a liquid or gas? 
5 Pentane has the m 
and formula. Pentane 
teacher may 


6 Write down the Structures of ethanol and methanoic acid. 
Now try to write th 


: . P Jeen 
€ esterification reaction that occurs betwee 
them. What is the ester called? 


x Hie i ture 
olecular formula Cs H. Draw its structu 


j x ? Your 
has three isomers. Can you draw them? Yo 
use models to discuss your answer with you. 


fermenting tast 
to it? What chemical has been for 


Organic chemistry 


8 Explain why 2-methyl-3-ethylpentane is a saturated hydro- 
carbon, but 2-methylpen-3-ene is an unsaturated hydrocarbon. 
Their structure and formulae are given below. f 


z 
5 
e 
^ 
^ 
T——0—I 
um 


| : i 
H cu H—C—H 

| | 

H H 


2-methyl 3-ethyl pentane 2-methyl pent-3-ene 


Which one will burn with the more sooty flame? 


9 Compare and explain the reactions of ethanol and sodium 
hydroxide solution with: a, litmus, b oxygen. € ethanoic acid and 
d an electrical test circuit like the one below. 


batter 
1 


— bulb 


carbon rods 


rite revision notes about the washing 


10 Read chapter 3 and w 
that it is affected by hardness of water. 


action of soap, and the way 


14 


L “Be 


Roy ES YA EZ 


14.1 
Group VII 
The halogens 


Figure 2 
Chlorine is a diatomic 
molecule. 


Chlorine 


He 
B Ne 
Al At 
Kr 
V Cr Mn Fe Co Ni Cu Zn Ga 
Xe 
Nb Mo Tc Ru Rh Pd Ag Cd In 


Chlorine is a member of Group VII of the periodic table, ee 
family name of this group is the halogens. (See the diagram a S 
Halogen is an Ancient Greek word which means ‘Salt produse Wr 

Each of the elements in Group VII has seven outside s$ 
electrons. Because of this they all react in the same sort of way. "e 

A halogen atom needs one more electron to fill its outside ae 
with 8 electrons, so when it reacts, it does so to take in one elect 
and form a negatively charged ion: 


fluorine atom Fe — F> fluoride ion 
chlorine atom Cle — C- chloride ion 
bromine atom Bryce — Br bromide ion 


iodine atom Ire — 1 

Because of this, the halogens are go 
take electrons away from other atoms or 
when something is oxidised, it can either 
can also have lost electrons. (See chapter 

The structure of a halogen atom al 
molecules of the element takes. Two ato 
a covalent, diatomic molecule. 


iodide ion. — 
od oxidising agents. They 
molecules. Remember iy 
have gained oxygen, but! 
7.) 

so dictates the form that 
ms share electrons to make 


The halogens are also very similar in their physical properties: 
Figure 3 compares the physical properties of chlorine, bromine an 
iodine. 
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Chlorine 
hal 
ogen state colour effect of heat smell danger 
chlorine s 
gas green / choking very pois 
yellow pt 
mu 7 gas. 
bromin iqui i 
e liquid deep red boils easily to burns nose liquid causes 
a brown vapour and throat burns and 
vapour is 
mE E ] poisonous. 
iodine soli — 
solid silver / melts and boils to vapour A solution of 
black form a violet affects the solid in 
vapour which nose and water is used 
sublimes back to throat. as an 
the solid on a antiseptic 
cold surface. but vapour is 
poisonous. 
Fi n 
gure 3 The physical properties of the halogens. 
14.2 
The i . "m 
oe The majority of chlorine is obtained from the electrolysis of salt. 
ction It is broken down to give both sodium, and chlorine gas. You can 


of chlorine 


14.3 


T 

he laboratory 
of paration 
of chlorine 


read more about this in chapter 17. 


The uses of chlorine. 


d in the production of chemicals 


chlorine is use! 
aesthetics; and petrol additives. 


1 The majority of 
y cleaning; an 


such as solvents for dr 
is used in the prod 
d to make other su 


uction of hydrochloric acid, 


2 A large amount 
bstances such as polyvinyl 


which in turn is use 
chloride. 
3 some of it is used to m 
ed in the production of anti 
ools. 


ake bleaches such as sodium chlorate(I). 


4  Chlorine is us septics, and directly as 
a germ-killer in swimming p 


the oxidation of concentrated hydrochloric 


Chlorine can be made by 
ganate (VII). 


acid with potassium man 
2HCl(aq) + oS Cla(g) + H200)- 


oxidising 
agent 
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Figure 5 

The preparation of 
chlorine using 
potassium 
manganate( VII). 


14.4 

The physical 
properties 
of chlorine 


14.5 

The chemical 
reactions 

of chlorine 


chlorine 


water 
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i > chlorine is 
The acid is dripped into the solid from a tap funnel, the yet 
enclosed in small puffs of a greenish yellow gas. Figure 5 — is 
apparatus that may be used for collecting a gas jar of dry chlorine. 


concentrated hydrochloric acid 


i chlorine 
potassium 


/manganate (VII) 


1 


Chlorine is a greenish yellow coloured gas. 
2 [tis much heavier than air. 


3 Ithasa choking smell 
in small quantities. 


4 


i i ^ ven 
and is very dangerous if breathed. ev 


It is moderately soluble in water. 
Chlorine is very reactive. This section shows five of its main reaction 


Chlorine dissolves in water. It reacts to form two acids: 


+HOCl(aq). 
hydrochloric chloric acid(1) 
acid (dilute) (dilute) 


Clz(g) + H,0(1) — HCl(aq; 


This solution is known as 
chlorine water. 


Chloric acid(1) is unstable 


and decomposes in light to form hydro- 
chloric acid and oxygen: 


2HOCliaq; — 2HCl(aq) *tOg,. 


oxygen 


Chlorine 


Look at figure 6. The tube containing chlorine water is left near a 
3 v few days, and a bubble of gas is formed at the top ofthe 
tube. If a glowing splint is put in the gas it will reli ji 

pangia a mee g will relight, showing that 


a few days later 


Figure 6 
Chloric acid( 1) is 
unstable in light. 


hydrogen 


Du 


chlorine 


hydrogen 
chloride 
fumes 


Figure 7 
The formation of 
hydrogen chloride. 


This unstable acid is responsible for the bleaching action of 
chlorine. If wet litmus paper is put into a gas jar of chlorine, it is 
immediately bleached white. Chlorine water is formed in the water 
on the litmus paper; the chloric acid I) in it oxidises the litmus dye. 
Since wet chlorine always bleaches by oxidation, it will only bleach 
those substances which turn white when oxidized. i 


idising agent. If iron wool is 
heated until it is red hot, and then chlorine is passed over it, the iron 
wool glows brightly as a very exothermic reaction takes place. 
Iron(III) chloride is formed as a brown smoke. This reactions is 
called a synthesis and the apparatus used may be found in chapter 7. 
It is an example of a redox reaction. The chlorine oxidises the iron 


and the iron reduces the chlorine: 


Chlorine is a powerful ox 


3C1,(g) +2Fe(s) redox, oFeCI, (s). 


The chlorine is the oxid 
from the iron. The iron 


ising agent because it takes electrons away 
is oxidised because it loses electrons. 


If a hydrogen flame is 
the greenish yellow colour 
{ hydrogen chloride gas 


burn in chlorine. 
ataining chlorine, 
hite misty fumes ol 


Hydrogen gas will 
put into a gas jar co! 
quickly disappears and w 
are formed. This is shown in figure 7. 

This is one way in which hydrogen chloride gas is manufactured. 


another redox reaction. If chlorine is 
a colourless solution of potassium bromide, a red 
e is immediately produced. The chlorine has 


de ions to bromine: 
. Br; (aq) + 2KCl(aq). 
chlorine is bubbled through a 


Displacement: 
bubbled through 
colour of bromin 
oxidised the bromi 
Cl, (g) + 2KBr(aq) 
The same thing 


colourless solution o 


Clg) + 2KlI(aq) 


happens when 
f potassium iodide: 
— I,(s) + 2KCl(aq). 
red colour 
turning to 
a black 
solid 
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ich i inly ke 
Mannie Hydrogen chloride is a covalent gas which is mainly used to T 
fh drogen hydrochloric acid. It is manufactured from hydrogen (a SEEN 
chi Yide of the petrol industry) and chlorine. This is shown in figure s "m 
ad The chlorine is burned in an atmosphere of hydrogen, an is 
hydrogen chloride gas formed is immediately dissolved in water 
absorption towers: 
H,(g)+Cl,(g) — 2HCl(g). 
HCl(g) — > H* (aq) Cl (aq). 
— 
hydrogen ll — water 
— chloride gas 
— glass balls 
| help the gas 
dissolve In 
— flame | Tal 
hydrogen —— LI 
^s nin = - hydrochloric 
The manufacture of |] acid 
hydrochloric acid. 
chlorine 
14.7 
Laboratory prep- 


ide i ide sage ith 
Hydrogen chloride is formed whenever a chloride is reacted W 


aration of hydro- concentrated sulphuric acid. For example: 


gen chloride 


NaCl(s) +H,SO,(1) —> HCl(g) + NaHSO,(aq). 


i sodium hydrogen sulphate 
concentrated sulphuric y faa 
acid This is shown in figure 9. Great care must be taken because of b 

? 3 concentrated acid. The HCl(g) is also very choking and corrosive: 


The hydrogen chloride is dried b 


y bubbling it through concentrate 
sulphuric acid and then collecte 


d downwards into a gas jar. 


hydrogen 
chloride gas - 


concentrated 
~~ sulphuric acid 
to dry gas 


sodium chloride 


Figure 9 The preparation of dry hydrogen chloride. 
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14.8 

Physical 1 Itis heavier than air. 

properties of A ; 17 

E 2 It is colourless when dry, but in damp air it fumes. This is 
because it combines with the moisture in the air to form tiny droplets 


chlorid 
e Bas of hydrochloric acid which appear as a mist. 


3 Hydrogen chloride has a choking smell. 


4 Damp litmus turns red when added to the gas, because the gas 
dissolves in the water in the paper to form hydrochloric acid. 


N 5 Hydrogen chloride is very soluble in water. This may be demon- 
strated by the fountain experiment. (See figure 10.) 


dry hydrogen 
chloride gas 


blow at first 


The top flask is filled with dry hydrogen chloride gas. It is connected 
to the lower flask of water by a narrow tube at the top of which is a jet. 
By blowing down the side tube, the water is forced up the narrow 
tube and into the upper flask. As soon as the first drop of water gets 
there, all of the hydrogen chloride dissolves in that one drop. This 


water leaves a partial vacuum in the upper flask and the pressure of the 
Figure 10 atmosphere forces the rest of the water up the tube in a fountain to 
The fountain fill the vacuum. The fountain continues until the pressure im the 
experiment, upper flask is again normal. 
14.9 
The chemical Hydrogen chloride gas reacts with ammonia gas. White 
reactions ammonium chloride is formed: 
of hydrogen s» NH,Cl(s) 
Chloride HCl(g) +NH;(g) 4 . 

ydrogen chloride is opened next to a 


This happens when a gas jar ofh 
" Pj ammonia, or even when bottles of concentrated hydro- 
gas Jar o : ) and ammonia solution are 


loric acid (hydrogen chloride solution) ionia 
a pet = cities The ammonium chloride is formed by 
sublimation because a solid is formed from two gases, without the 


liquid state being involved. 


loride gas dissolves in water. | Concentrated 

ee erp isa B crated solution 8 the ae 3 con- 
tains about 35% of the gas by weight. When a a eo es Bet 
centrated acid is open ina warm room, it fumes as 5 €: * > e 
as escapes from solution. The gas may be identified with damp 
Fide ond paper, or with the ammonia solution bottle. (See 


14.10 
Tests for 
chlorides 


14.11 
The importance 
of salt 
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previous section.) Hydrochloric acid is a typical acid — it reacts wath 
metals, to form a salt plus hydrogen, bases, to form a salt plus water, 
and carbonates, to form a salt plus carbon dioxide plus water. 
In each case the salt formed is a chloride. 


l Any chloride will react with concentrated sulphuric acid to 
form hydrogen chloride gas. For example: 


NaCl(s) HSO — HCl(g) +NaHSO,(aq). 
2 Adding silver ions will identify chloride ions in solution: 


Cl" (aq) + Ag* (ag) —> AgCl(s). 
(white precipitate) 


The silver ions are obtained from silver nitrate solution. The suspect 
chloride is first acidified with a few drops of nitric acid. This prevents 
other compounds from being precipitated by the silver ions. Then 
a few drops of silver nitrate solution are added. A white precipitate 
of silver chloride confirms the presence of chloride ions. As a further 
test, the silver chloride will redissolve in dilute ammonia solution. 


In many parts of the World where there are flat areas of land near the 
sea and where the air temperature is higher than in Great Britain, salt 
is extracted from sea water by evaporation. 

In parts of England, there are large deposits of salt underground. 
These places must have been under the sea millions of years ago, but 
have become stranded in the many geological changes that hade 
taken place. This salt is mined in one of two ways. Shafts can be 
drilled down into the salt and hot water pumped down. The salt 18 
then brought to the surface as brine. Ifthe deposit is a large one, mines 
can be dug, and the salt blasted and dug out. 

The crude salt, called rock salt can be used as it is for putting on 
the roads in icy weather, but a large proportion of it is refined. It is 
made into brine, filtered, and then evaporated under vacuum to give 


pure sodium chloride. The diagram below shows how important this 
chemical is. 


salt 
1 


x us 3 
electrolysis manufacture of sodium 
£ I -7 carbonate 
sodium sodium chlorine 
hydroxide 


hydrogen 


petrol 
additives 


bleaches 


soap, 
aluminium 


acid 


hydrochloric 


sodium 


ammonium 
hydrogen carbonate 


chloride 


sodium Carbonate 


" batteries 


glass | fire exti nguishers 


baking powder 


Summary 
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At the end of this chapter, you should be able to: 


1 Describe the position of the halogens in the periodic table. 

2 Drau the structure of the chlorine molecule. 

3 Compare the physical properties of chlorine, bromine and 
iodine. 

4 Explain how chlorine is made industrially. 

5 Describe the main uses of chlorine. 

6 Give details of the laboratory preparation of chlorine. 

7 Describe the reactions of chlorine as a bleaching agent, and as 
an oxidising agent with metals and hydrogen. 


8 Describe the manufacture of hydrogen chloride and hydro- 


chloric acid. 


9 Show how h 


ydrogen chloride is made in the laboratory, and 
describe its reaction with water and 


ammonia. 


10 Describe an experiment to show that hydrogen chloride is very 


soluble in water. 


11 Describe reacti 
typical acid. 


ons which show that hydrochloric acid is a 


12 Describe a test for chloride ions. 
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The halogens- 
use and abuse 


Most chemicals can be used in a variety of 
different ways. The Halogens present an 
interesting example of this — the two articles 


that follow show you just how differently they 
can be used. 


Chemical warfare 

The idea of using choking fumes as an offensive 
weapon in war is very old indeed. One of the 
earliest instances to be recorded occurred in 
428 50, when the Spartans burnt wood 
saturated with pitch and sulphur under the 
city walls of Athens in order to subdue the 
defending citizens. But the events that occurred 
at Ypres on 22nd April 1915, were a turning 
point in the development of chemical warfare. 


Green, deadly ‘mist’ 

The day was a fine one in the immediate 
vicinity of Ypres. At 5 p.m., men in forward 
positions heard a slight hissing in the direction 
of the German trenches. Within 15 minutes, 
no less than 170 tonnes of chlorine had been 
released along a front extending about six 
kilometres. A light wind of 5-6 kilometres per 
hour bore the wall-like cloud towards trenches 
manned by the British, Canadian, French, 
and Algerian troops. Distant observers spoke 
of a low greenish mist ‘such as is seen over 
water meadows on a frosty night’. The deadly 
gas brought horror and confusion into the 
ranks of the Allies. Those still capable fled, 
only to run the risk of being shot by their com- 
rades unaware of the advancing terror. More 
chlorine was discharged on an adjoining sector 
of the front on 24th April, this time against 
Canadian troops. 


No-one knew exactly how many people 
were affected by the gas. The most apm x 
figure is that there were 15000 casualties “he 
whom 5000 died during or soon after 
attacks. 


Doctors could do little to help — 
As with other poisonous gases, the effec p» 
chlorine are related to the duration high 
amount of exposure. Victims suffering à 25 
dose experience feelings of intense — 
fall to the ground, struggle for a few moms " 
and die. Those exposed to lower doses es 15 
from a burning throat and feelings of pide 
tion, and cough repeatedly. Breathing beco! e 
intensely difficult, and death sometimes fole it 
within two days. The main effect of the gas h » 
cause the secretion of massive quantities A " 
frothy fluid into the airspaces of the lungs: a 
fluid builds up, lack of oxygen induces feelin 
of weakness, fatigue, and headache. ec 
Doctors at Ypres were able to ^ 
bubbling noises in the chests of victims. 
body temperature would tend to fall, and 975 
features become blucish. When slightly ps 
in a head downwards position, the paure. 
sometimes produced over a litre of froth 
liquid. Gased individuals surviving for m 
hours generally developed bronchitis. I ‘i 
fluid coughed up became greenish and pur. 
lent; the pulse became weak and rapid. wht 
respirations became shallow and fast. Hc 


of 


ache and debility would develop. persisting 
sometimes for several weeks. Those who lasted 
out the initial two days usually made some 
kind of recovery. i l 


Fluoride: the halogen which replaces 
dentists 


It has bee ; ; " 
has been estimated that about two-thirds of 


es between the ages of 5 and 15 need 
ps in e holes in their teeth. Worse than 
Adults 770 8 act that about one-third of the 
at all. be AS AGGER haven't got any teeth 
fot 5 RUSS they've been taken out. Teeth 
bis ad Din cat too many sweets and sticky 
kw "e 8 and gooey puddings vou 
dés 10 * as well as I do. On top of this, we 
brush hs after our teeth properly. Do you 
each 1 m for two or three minutes after 
Wa — s o you brush your teeth at night: 
do clean ins ed got a toothbrush? Even if you 
don't P iu teeth regularly, you probably 
nove all of the plaque, which is the 


decayi 
te aying substance that builds up on your 
eth after meals, 


entists and scientists are very aware of 


the pr 

roble : g 
ded 1 As well as encouraging children 
» a za os, 
prope —- to clean and look after their teeth 
í riy, many of them want to puta chemical 


Into o : . 
tc ur water supply which will help fight 
Oth decay y 


Tee chen stops the rot 
tests ge contains the fluoride ion, and 
Deen bi i that in areas where fluoride has 
uoride 595 che Water. or where the natural 
Children ng of the water is high already. 
teeth ar ave less need of fillings because their 
„are more resistant to decay. 
E Obvious answer would be to add 
e um to the whole country's water supply. 
be Báded a of fluoride that would need to 
every millio MEY small - about one part for 
Country Mem parts of water. Some areas of the 
The bie double that amount naturally. 
even in sy 3 putting fluoride in the water. 
as to dris small quantities, is that everyone 
rink it, whether they want to or not- 


fluori 


Oiso 

q Son 

Poo m ous when concentrated 

Out, en fluoride can cause teeth to drop 
at happens if there is a long hot 
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summer and everyone drinks a lot? Could we 
suffer from fluoride poisoning? Just as there 
are a lot of people who want fluoride put into 
the water because of its good effect on teeth, 
there are many who don't want their water to 
be ‘poisoned’. What will be the next additive, 
they argue? 


Any other ideas ? 
Alternatives to putting it in the water supply 
are not very satisfactory. It could be given in 
tablet form — but people forget, or take over- 
doses by mistake. It could be put in special 
milk for children, but this would be very 
difficult to distribute. The best answer so far 
is to put it in toothpaste, which many manu- 
facturers now do. Presumably they aren't too 
worried about people’s teeth dropping out... 
Everything considered, it seems that 
fluoride in water seems to be the best answer. 
Everyone drinks it regularly so that the con- 
centration of the chemical need only be very 
small because it is absorbed continually. But 
there are still plenty of people who think that 
it is quite wrong to force them to take in 
intentional impurities against their will, which 
is what it amounts to. M» . 
Perhaps the argument is going on in your 
town at the moment. If it is, you had better 
clean your teeth with fluoride toothpaste if 
a until they make up their minds. 


you want to 


rr! — .. — ... .. 
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r ET e " f the 
Questions 1 Draw an outline of the periodic table and write cach o 
n ó, — 2 2 
following in the correct position: e 
sodium, which has two full shells, and one electron in the t ; 
neon, which has three full shells; "T 
aluminium, which has two full shells and three electrons i 
third; —" 
chlorine, which has two full shells and seven electrons in the nds 
carbon, which has one full shell and four electrons in the $e - 
1 i! ae act th h 
magnesium, which has two full shells, and twoelectronsinthet 


. T zt w the 
2 Draw the structure of a bromine molecule, showing ho 
outside shell electrons are shared. 


" s j Pa " re dry 
3 Describe a method by which you might get some pur 
iodine from a mixture of iodine and sand. 


" " hich is 2 
4 Use the index to find out how polyvinyl chloride (w vain 
plastic) is made. Trace the route that chlorine follows in the er’ 
facture of this plastic, from its elemental state, to the final pro 


" LE of re, dr) 

5 Describe how vou would make and collect a gas jar of ies bs 
F k n 4 à : ventri 

chlorine starting with manganese(IV) oxide and concent’ 


: 8 - stress 
hydrochloric acid. Draw the apparatus you would use, and 
the precautions you would take. 


: ; : ; ine, Why d? 
6 Read the section on the bleaching action of chlorine. W hy 
you think that items bleached 


: : » washed 
in chlorine have to be wé 
afterwards? 


anc 
a T 2 r of chlor! 
A certain coloured material was put into a gas jar of chl not 

: : br N WES 
but it stayed coloured. Can you suggest two reasons why 1t wa 
affected ? 


7 You are asked to prepare 


^ eiue ide: 
à sample of anhydrous zinc chk 
Draw the apparatu 


" » a rati an 
s which you would use for its preparation. 5 
write the equation for the reaction. Describe what would happe 
8 — You are given two unl 
and the other cont 
difference, 


rine 
abelled gas jars. One contains chlonn 
ains hydrogen chloride. Give one pus, 
and two chemical reactions that would enable you 
distinguish the two gases. Describe the tests, giving full details. 
9 Explain why a bottle of concentrated hydrochloric acid fum? 
when it is opened in a warm room, yet a bottle of dilute hydrochlor 
acid does not. 

What will you sce if 
is opened near the conce 
what is happening. 


‘on 

i jor 

a bottle of concentrated ammonia p ain 
ntrated hydrochloric acid bottle? Expl 


10 A white crystalline solid is thought to be sodium chlorid ‘ 
P E 5 e 
Describe two tests that you could perform to confirm that it do : 


scribe 

at reagents you would use and desc! ë 

— > N 8 s as Ia CR 
uations for the reactions that take pl 


contain chloride ions. Sa v wh 
what you would see. Write eq 
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Li Be 


Rb Sr Y zi 


15.1 
Where does it 
Come from? 


Figure 1 


e J. E 
Dum, rasch sulphur 


Sulphur 


He 

B C N [9] F Ne 

Al) “Sit k [s cl Ar 

Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr 


e of the Earth in volcanic areas 
f France and Canada, sulphur 
as and crude oil. but by far 
from underground deposits 
I's sulphur is obtained in 


Some sulphur is found on the surfac 
such as Italy and Japan. In parts o 
compounds are removed from natural g 
the largest amount of sulphur is extracted 
in Texas, in the U.S.A. 90% of the World 
and that amounts to millions of tonnes each year. 

are several hundred metres below the 


drilled into the sulphur bed, and a 
r is put down. This pipe not 
ains a piece of engineering 
Figure | shows what a 


this way, 

The deposits of sulphur 
surface of the ground. A hole is 
pipe which is about 20cm in diamete 
only strengthens the hole, but it cont 


apparatus called a Frasch sulphur pump. 


Frasch pump looks like. 


hot compressed 
air =, e 

molten sulphur 
very hot water froth 


150 metres 


sulphur bed. 8 


M N 
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15.2 
The uses of 
sulphur 


15.3 
The allotropy 
of sulphur 


Figure 2 

The shapes of 
rhombic and 
monoclinic sulphur. 
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The pump consists of three tubes - a small one in the middle, 
surrounded by a larger one, which is surrounded by a larger one still. 
Compressed air is forced down the smallest tube; super heated water, 
at 170 C is pumped down the largest tube: and the sulphur comes 
out of the middle tube. 

At the bottom of the hole, the sulphur and the water meet 
each other. . 

The melting point of sulphur is 115 C so the super heated war 
melts it. The compressed air then forces it up the middle tube, 4 
the way to the surface. Because this pipe is always surrounded by the 
hot water pipe, the molten sulphur does not solidify again. 7 

On the surface, the sulphur is stored in huge piles, and needs 
little purification because it is so pure already. It is usually remelte 


B 2 - B C calle 
and poured into moulds to produce sticks of sulphur rock call 
roll sulphur. 


Sulphur isa very important element. Most of it is made into sulphuric 
acid. The rest is used to make chemicals for various industries 
Sulphur compounds are used for bleaching wood pulp in the pape! 
industry and for preserving fruit (you can often smell the sulphuf 
dioxide when you open a new bottle of orange squash concentrate): 
At one time it was extensively used for vulcanising rubber and is st! 
used for making carbon disulphide which is used as a solvent. 


Sulphur can exist in two different solid forms. This property P 
known as allotropy (remember carbon in chapter 12). 1 

Below 96°C, sulphur exists as the allotrope called rhombi 
sulphur. Above 96°C, it exists in a form called monoclinic sulphtt 


The allotropes are identical chemically, but they have differe” 
crystal shapes. | l 


— 


— e 


h 3 
rhombic sulphur monoclinic sulphur 


96 C 


is called the transition temperature 
temperature, only monoclinic sulphur is stable 
temperature. only rhombic sulphur is st 


tion, 
Above the transit! 


tio! 
Below the transiti 
able. 


Figure 3 
The shape of a 
sulphur molecule. 


Figure 4 
The molecule 
arrangement in 
thombic and 


; 5 2 
Monoclinic sulphur, 


15.4 

The 
Preparation 
of rhombic 
Sulphur 


Fi 
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. A single molecule of sulphur consists of eight atoms arranged 
in a ring. Figure 3 shows the shape of a sulphur molecule. 


eight sulphur atoms 
arranged in a ring 
alternating up 

and down 


2 


k together in a crystal lattice, they 


When the Sg molecules pac 
ding to their temperature. 


take up two different arrangements, accor 
(See figure 4.) 
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in rhombic crystals the in monoclinic crystals the 
S, rings are stacked 


S, rings fit snugly 
into each other on top of each other 


med whenever a solution of sulphur is 
e below 96°C. 
but it does dissolve in organic 


Rhombic crystals are for 
allowed to evaporate at a temperatur 
Sulphur is not soluble in water, 
hylbenzene. 
stirred int 
solution is formed. 
kly filtered. 


solvents such as met 
Sulphur powder is 
96°C) until a saturated 
The solution is then quic . 
Finally, it is allowed to evaporate slowly in an evaporating 
basin covered with a filter paper. In this way, large, yellow crystals 
may be formed. The procedure for this preparation 1$ shown in 


figure 5. 


o warm methylbenzene (below 


| warm water the solution is covered 
and left to crystallise 


— methyl : 
benzene 


igure 
5 The preparation of rhombic sulphur. 
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The 
preparation of 
monoclinic 


sulphur 


Figure 6 
The preparation of 
monoclinic sulphur. 


15.6 
The effect of 
heat on sulphur 
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Monoclinic crystals of sulphur are formed when a solution of 
sulphur is allowed to crystallise above 96 C. si 

The same solvent as was used for rhombic sulphur may be BS 
again, but it must be heated nearly to its boiling point (110 C) 8° 
that a hot, saturated solution is formed. E 

This is then allowed to crystallise while the test tube entone 
the solution is kept in boiling water, so the crystals form above im 
transition temperature of 96 C. Long, pale yellow crystals of mon 
clinic sulphur are formed. If the test tube of solution is — 
from the boiling water, and allowed to cool down, the long erysta 
quite quickly break down into smaller, rhombic cr stals. 

The details of this preparation are shown in figure 6. 


hot 
methylbenzene 


—— sulphur 
boiling 
water 
— — long crystals of 
monoclinic sulphur cec 
H- å are formed above 
solution SLT 
heat 


3 pt 8 ` P is, 
Sulphur melts at 115°C. As the temperature increases beyond th 
It turns into a runny 


: Y, yellow liquid, but this soon becomes like treat? 
dw Dd darker kn golaun Ag the temperature rises furthe* 
the liquid sulphur becomes runny again, but the colour darker? 
even more and becomes almost black. At 444 C, the sulphur bo" 


and gives offa dark brown vapour. This sometimes catches fire. a” 
burns to form sulphur dioxide. 


‘These changes in the fo 
by looking at how its structu 
shown in figure 7. . 

If hot, runny liquid sulphur is poured into cold water, it fo"™ 
a soft pliable substance, rath 
plastic sulphur. This still cont 


—-— tood 
rm of liquid sulphur may be underst? : 
re changes with temperature. These ? 


Figure 7 
T he changes in 
liquid sulphur. 


15.7 

The Chemical 
reactions 

of Sulphur 


15.8 
Sulphur dioxide 
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115°C ee 
———- ———- 
melting 
point 

a dark treacly liquid 


containing long chains 
which tangle up 


a runny yellow liquid 
still in Sg rings which 
slide over each other 


444°C 
—— —— boiling 
point 


runny again 
the long chains 
have broken up 


First, it melts toa dark red liquid, 


Sulphur will burn when heated. 
a small dark blue flame. Sulphur 


and then catches fire, burning with 
dioxide gas is formed: 


S(s) +O2(g) —— SO;(g) 


tals. When heated with any metal, it forms a 
salt called a sulphide. For example if sulphus powder is added to iron 
fillings and the mixture is heated, a glow spreads through the mixture, 
and grey, brittle iron (II) sulphide is left: 


Sulphur reacts with me 


Fe(s) +S(s) —— FeS(s). 


colourless gas with a choking smell. 

10°C, so it can be easily liquefied by 
pressurising it to about three times atmospheric aped Memi 
canisters of liquid sulphur dioxide are a gone 5 » me 
gas. The compound is a liquid while it is un er pi pia = 
canister. When the tap is opened and the pressure 1s , 


liquid boils, and the gas forms. . . , 
il 5 A used as a preservative for ers and Val 
gus ills bacteria that make the food go bad b frs mcis ti the 
sulphite (often called sodium. metabisulphite). ler dlexide, He 
acid in the wine they are making and produces 00 h " alle ct the 
gas kills bacteria in the wine and any stray te : 7 e 
WIRE: Sulphur dioxide can also be used in 1 ii E D ee 
tation of the wine at a certain level EA alegno d eech wood pulp 
In a similar way. sulphur dioxide is 11 8 mens eo it 
before it is made into paper. He i andi rocess happening when 
from the wood pulp. You can see the rev 8 is 98 ae 9 
newspaper is left expose ir and light. 1t Ses gan. 


Sulphur dioxide is a heavy. 
It has a boiling point of — 


d to the à 
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15.11 
Sulphuric acid 


ro) O—H 
S 

o O—H 

15.12 

The 


manufacture of 
sulphuric acid: 
the Contact 
Process 


sulphur 
dioxide [oxygen 


| | 


cleaned, dried and 
heated to 450°C; 
pressurized to 


2-3 atmospheres 


passed over 
vanadium 
pentoxide 
catalyst: 
2802702 
98% SO, 
2% returned 


dissolved in 
concentrated 
sulphuric acid 


diluted with 

| water to various 
‘strengths of 
[sulphuric acid 


Figure 9 
The Contact Process. 


Concentrated sulphuric acid is a heavy, oily, colourless liquid, 
which has a covalent structure. — 

It is a dangerous chemical and can cause very severe einn om 
blisters. But it is an extremely important chemical industria : 
each year, many millions of tonnes are made in Britain. — 
million tonnes a year are used in the production of fertilizers 5 
as ammonium sulphate. Almost as much is used in the guum 
paints and pigments, and man-made fibres. The rest is used to - m 
detergents and soaps, plastics, and as battery acid. Some is € oil. 
the preparation of steel for electroplating and in the refining © 


In this process, sulphur dioxide and oxygen are the starting peri 
for a complicated reaction. The sulphur dioxide may be m by 
in a number of different ways; either by burning sulphur, m x 
heating ores which contain sulphur. Air is used as the oxygen sou! 


The gases are cleaned, dried and 
of 450*C. They are 
atmospheric pressure 


: sraturê 
heated to a reaction ern pEr es 
then pressurised to a pressure of 2-3 


The mixture is then fed into a reaction chamber containing 
catalyst of vanadium (V) oxide, making sulphur trioxide: 


=> 2804(g). 


The reaction is a reversible one, but because 
conditions of tempe 


conversion to sulph 


280706 +O3(g) 


of the carefully ebe 
rature, pressure and the catalyst, about aid 
ur trioxide is achieved. The sulphur trio? i 
must not be allowed to come into contact with water, other witi os 
would form a mist of tiny droplets of sulphuric acid, which bes! 
being corrosive, are very difficult to remove. 


To prevent this happening, the 
concentrated sulphuric acid to for 


SO,( 


d in 
sulphur trioxide is dissolved 
m oleum: 

8) * H;S0,() — H,80, so, 


1. 
oleum 


This mixture can then be c 
of acid. Ordinary concentr 
of the acid with water. 


T tb 
arefully diluted to the required strenge, 
ated sulphuric acid contains about ~ 


15.13 

The reactions 
of sulphuric 
acid 
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Concentrated sulphuric acid is not an acid. This is because 
its structure is covalent. It does not contain hydrogen ions. When 
itis diluted its covalent structure breaks down and it ionises, evolving 
a great deal of heat as it does so: 


HSA =—* 2H* (aq) +607 (aq). 


Remember, when you dilute concentrated sulphuric acid, 


ADD ACID TO WATER. 


on is taken, the diluted solution may boil as 
ays wear gloves and safety glasses. 
adopts its acidic characteristics: 


Even when this precauti 
the acid is being added, so alw 
Once sulphuric acid is dilute, it 


It turns blue litmus red; 


It reacts with most metals to givea salt plus hydrogen; 


o N - 


It reacts with bases to give a salt plus water; 


4 It reacts with carbonates to give a salt plus carbon dioxide plus 
water. 


(See chapter 9 for details of these reactions.) 


Because it is à dibasic acid, it can form both normal salts called 
sulphates, and acid salts, called hydrogensulphates 

sodium sulphate Na,SOx4: 

calcium sulphate CaSO,: 


sodium hydrogensulphate NaHSO,. 


d is an oxidising agent. It 
but instead of hydrogen being 
to form sulphur dioxide and 


sulphuric aci 
m salts, 
the metals 


Hot concentrated 
will oxidise metals to for 
formed, it is reduced by 
water. For example: 


hot concentrated copper sulphur | water. 
copper + sulphuric acid sulphate dioxide 
| +2H,0()). 


Cu(s) + 2H,504(1) — CuSO,(aq) +$02(8 


ee 
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a i : nt. 
Cold concentrated sulphuric acid is a dehydrating age 
This is shown by two examples: 


: 1 " > blue 
1 When cold concentrated sulphuric acid is apes n dore 
copper(II) sulphate crystals, they slowly turn white as their 
of crystallisation is removed by the acid: 


concentrated 


CuSO,.5H;O0(s) : CuSO,(s) +5H,O(g). 
re sulphuric acid . 
blue white 


rose, it 
; ae ; crose, 
2 When cold concentrated sulphuric acid is added to Scene 
goes black. Sucrose is a carbohydrate, and when the water ¢ 
are removed from its molecules, only carbon is left: 
decomposition 
concentrated " : 
C4,53H550,, PODER AU ES * 12C 4 steam * products 
sulphuric acic of the'acid. 


15.14 EM and using 
Tests for There are two tests for sulphate salts the effect of heat, al 
sulphates barium chloride solution, 


off 
1 Some sulphates decompose 


ive 
when they are heated, and g 
white fumes of sulphur trioxide. 


For example: 

heat 

cus. + 5H,0\g): 
white solid 


CuSO4.5H,O/s 


blue crystals 


heat 


CuSO,ís;, — CuOis +5038 
black white fumes 


Iron II sulphate behaves in a similar way: 


heat 
FeSO, .7H,O s, "5 peso, 70 g 


green crystals white powder 


: Ben O4" 
2FeSO,(s) “+ Fe,O.(s + SO, (gj +502! 


red powder white fumes 


Notice that the iron II sulphate ends up as Iron III oxide. 
2 Sulphates may be detected with | 
solution of a sulph 


ate is added to a so 
sulphate ions react with the 


precipitate of barium sulpha 


If 


x : ion. 

arium chloride — the 
^ 5 P * C. 

lution of barium chlorid white 

. 2 . a Vv 

barium ions to form an insoluble 

te. For example: 

Na SO + BaCl, (aq) — BaSO,4/s + 2NaCl(aq). 

Tonically: 


SO,^- aq + Ba?* ag) =» BasOY Gu. 


Summary 
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] Unfortunately, sulphites do this reaction in a similar way. They 
form insoluble precipitates of barium sulphite with barium io 
For example: i 
Na,SO3(aq) + BaCl;(aq) —? BaSO,(s) +2NaCl(aq). 

Ionically: 


SO,^-(aq)--Ba?*(aqg) — BaSO3(s). 


But remember, sulphites dissolve in acids, so that if the suspect 
sulphate is first acidified with dilute hydrochloric acid before the 
barium chloride is added, only a sulphate should give a white 


precipitate. 


At the end of this chapter you should be able to: 


Say where the majority of the world’s sulphur comes from. 
Describe the action of the Frasch pump for mining sulphur. 
List the uses of sulphur. 


Discuss the allotropy of sulphur. 
Describe the preparation of rhombic and monoclinic sulphur. 
phur. 


Describe the effect of heat on sul 
h air, and with metals. 


Describe the reaction of sulphur witl 
Give the physical properties of sulphur dioxide. 
xide from sulphites. 


o Oo -1 oon  Q M = 


he preparation of sulphur dio 


ns of sulphur dio 
account of its blea 
manganate 


Describe t 
xide with water and 


ching action and its 
(VII) and potassium 


10 Describe the reactio 
with alkalis; and give an 
reducing reactions with potassium 
dichromate( VI). 

11 Describe the physical properties of concentrated sulphuric acid. 


the Contact Process for manufacturing 


12 Give an account of 
sulphuric acid. 


13 Describe the prop 
a dehydrating agent, 2 


erties of sulphuric acid as an oxidising agent, 


nd as an acid. 
14 Explain what happens when concentrated sulphuric acid is 
diluted. 

15 Describe what happens wl 


e the barium chlorid 


hen certain sulphates are heated. 


16 Describ e test for sulphates. 


Food additives 


Ingredients; Sugar, Modified Starch, 
Starch, Dried Skimmed Milk, Hydrogen- 
nated Vegetable Oil, Whey Powder, Casein- 
ate, Salt, Emulsifier (E471 „Colours (E102, 
E127, E110), Flavourings. 


Any suggestions what this 
answer is custard. At least, i 
added the boiling wate 
product of our modern age? Must we spend the 
rest of our lives eating chemica 

This may look alarming, 
nothing new about food additive 
ived in the Middle Ages, your li 
depended upon them. Your diet would have 
been very simple and boring, but if you were a 
peasant or labourer it might just have been 
enough to keep you alive. Just bread and a few 
vegetables. Any food you might have left over: 
beans from the garden, fruit from the orchard, 
arabbitora piece of venison poached from the 
ocal estate, wouldn't have kept for long. Bac- 
teria would have seen to that, especially in the 
Summer. The beans would have gone watery, 
the fruit brown and mouldy, and the meat 
putrid and smelly. To have eaten them would 
ave been unpleasant and dangerous. 

How did people keep food then? They 
used additives. Here are some of the traditional 
ways of preserving food. 

smoking: meat was kept in the chimne 
that the smoke from the fire dried it and 
added chemicals to it. Smoked meat, especi- 
ally bacon had a good flavour. 

salting: meat and vegetables could be kept in 
a very concentrated solution of brine. 
sugarmg: fruit could be put 
made into jam. 

pickling. things like eggs, onions, bee 
and even walnuts kee 


might be? The 
tis when you have 
r and stirred. Is this a 


but there is 
5. If you had 
fe might have 


y so 


into syrup or 


troot, 
p well in vinegar, a 
product of beer and wine gone sour. 


rich 


deep freezing: yes, even in those SS nn 

People could keep food in caves or ce 

packed with ice. 
Each of these methods achieved the s 
thing. They killed bacteria or prevented t 
from multiplying. z 

More recent methods of knen A ca 

do the same thing. Almost any sort of etat 
be cooked and heated up above the irs is 
point of water so that bacteria are killed. I 
then sealed in aj 
in after it h 
either. 
fruit 


food 


an 


ar or tin, so that no air can 15 
as cooled, no bacteria can ae 
» and the food does not go bad. Bott 
and tinned meat keeps for years. been 
Sulphur dioxide — a chemical - he fruit 
used for generations to preserve fruit anc th 
juices. The sulphur dioxide dissolves 1H cid. 
Water in the food to make sulphurous si in 
Sulphurous acid is an anti-oxidant. Jr, cakes - 
any oxygen itself and changes into dilate i ast 
Phuric acid, There’s no danger in that. nono 
fruit is highly acidic anyway. If there a n 
oxygen around, bacteria cannot multiply T ju 
the fruit cannot deteriorate. Next time a : 
open à new bottle oforange squash, have a 
for the sulphur dioxide in it. ot 
The list of "traditional" additives does ? 

end here. Chemicals have always been a it 
to food to make it look attractive and to help 
stick and bind together. Cochineal (from pa n 
ican beetles dves food bright red and on 
the pollen from tiny crocus flowers) ms s 
cakes and buns yellow. In Eastern conne ie 
tumeric is used for the same purpose. Egg W^ 
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d M = blend food smoothly and 

ick it togeth ane gelatin have been used to 

Ower ime pus. wide variety of plant and 

erfume food ee been used to flavour and 

ut vanilla? - What would ice cream be with- 
a? And they are all chemicals. 


- PET 
Vhat’s in the tin? 


uring this ¢ 
"e dus en additives have become 
atural y ea etic, That is, they are not 
lade by scier ris substances, but chemicals 
Lajority denne 5. in laboratori s. In the 
ig, colouring rh d do their job of preserv- 
lore easily and avouring, or blending food 
ucts, owen : cheaply than natural pro- 
er, people have become more 


nd n 
hore co 
ři ncerned ; 
NO their food ed about exactly what goes 


In 1983. ; 
dod should ha became law that all packaged 


ave labels telli 
Nactly what r labe ls telling the customer 
lore infor as in the food, and a great deal 


acket op ERR HO about it as well. Look at the 
Own, Posite. All of these things must be 
j 

numbers 

additive. 


Sent 


s pub i . ; 
1, 1 into foods are called colouring 
5s es and anti-oxidants, emulsifiers 


Slabilis 
Users, f 
Sy flavour a 
& agents, E, ur enhancers, sweeteners, and 


IE recogen; 70 
" mi s The E' stands for 
ame np about food additives 
ity ~ the © he European Economic Com- 
da Ne fo ton Market 

* Ids ji ; i 

ed n the diagram have colours 


9 the 
m to mak 
make them more interesting 


attracti 

ol active 

"M a food e some cases, the natural 
J€ colour ha destroyed when it is cooked 


5 las 8 Fini 
lis. numbers D be replaced artificially. 
DA E100. gar buing agents come in 

Cochineal n H ere are a few of them. 
Elo eetles, his is a red colour made 
fis riboflavin 
Iost. 
" la 
Syn arte Th: 
— Ans This bright yellow dye is 
pe S used in sweets, orange squash, 


Othe Pan, g a 
BE prd go ed haddock, and many 


This is a yellow dye made 


azine, 


sis another synthetic 
Ads in tpe di l 
Tesen, € diagr: 
atives and 

000 from gc 


am wouldn't keep with- 
anti-oxidants. Preserva- 
ding bad. Without them, 


Name: You must say exactly what it is. You 
musn't say it contains beef if it doesn't. 


Instructions: 
How do you cook it? 


Ingredients: 

Exactly what is in it? 
These must come in 
order of how much 
there is of each. 


CONTENTS 


SERVING 
SUGGESTIONS Water carrots 
Heat in pan potatoes, beet. 


starch, salt 
immer 10 mi 
Summis eem sodium glutamate. 


Vet quantity; How 

= * E102. flavours 
much does the tin 
hold? What is the 450 9 
mass or volume of 


the food? 
Datemark: How long will it last unopened? 
Who made it, and where? 


Eat by 1999 


Hart's Kitchen, Gloucester 


Manufacturer. 


meat in packets would go off, oil would go 
rancid and bread would grow mould very 
Without anti-oxidants, fruit juices 


quickly. 
and dried foods wouldn't 


would go brown 


keep. 
Here are some important numbers. They 


come in the range E200 to E321. 
E220-E227. Sulphur dioxide and chemicals 
that make it. 
E260 vinegar. Pickles and sauces need this. 
E321 BHT. This is put into biscuits, crisps, 
and margarine. 
E249-252 nitrites and nitrates. These are 
used to preserve meat. 
Some foods contain oils and fats that have 
to be mixed up thoroughly and kept from 
separating oul. Emulsifiers do this job. Other 
chemicals thicken some foods and make them 
stick together. Some important ones in the 
range E322-E500 are: 
E440 pectin. Jam couldn't be made without 
this. 
E422 glycerol. 
E442-E450 phosphates and polyphosp- 
hates. These are used in chicken and ham to 
make the meat retain water. 
E420 sorbitol. This is also a sweetening 
agent and a humectant. It stops things drying 


out. 
Lastly, 
flavour when they 
acket Chinese me 
cers. Perhaps the best known is: 
E621 Monosodium glumatamate. 


some foods lose some of their 
are dehydrated. Things like 
als contain flavour enhan- 
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Questions 


Chemistry matters 


i i i change their 
1 Describe how the molecules in a piece of sulphur char ideae 
: ) 
arrangement as the sulphur is slowly heated from room te mp 
to 450 °C. How does the appearance of the sulphur change? 


i ; does it apply 
2 What is meant by the term Allotropy', and how does it ap! 
to sulphur? ! r lature 
Liebe how you would prepare crystals of monoc S- PM 
What would happen to them if they were left in the lab 
overnight? o —— 
What is plastic sulphur? How is it made? Why pais e 
sulphur another allotrope like rhombic and monoclinic su p 


tion 
a combustiot 
3 Some powdered sulphur was put on the end of a com 
spoon and it was heated in a bunsen flame 
to burn. 


a 


: - starte 
until the sulphur stat 


A ; ; scribe what you 
Write the equation for this reaction and describe wh 
would see. 


The spoon is then lowered into 
b Do some revision 
After the sulphur h 
added to the jar, 
to dissolve. 
€ Name the solution th 
equation for the react 


a gas jar of oxygen. ; 
and and A how 4 would pud 
ad stopped burning, a few cm? of es jar 
and the lid was put on to allow the gas in WIC J 

; e 
at would be formed and write th 

ion which would take place. 

A few drops of litmus solution were added to the solution. 

d What colour would the solution become? ;] the 
Sodium hydroxide solution was then added drop by drop unt 
litmus changed colour. 

e What would the new colour be? «n the 

f What type of reaction would have taken place betwee 

sodium hydroxide and the solution in the jar? 

g Write the equation for the reaction. 

4 14g of iron powde 
two solids were thorou 
this mixture: 


a toget the iron out 


uH 0 get the sulphur out and leave the iron. 
The mixture was then heate 


! iron 
d anda compound was made. No 
sulphur remained. Jative 
" 8 T rela 
Work out the empirical formula of this compound. The re^. 
atomic masses of sulph 


tively’ 
ur and iron are 32 and 56 respec 
(Remember the index if you are stuck.) 


rand the 
ing 


r was added to 8 


g of sulphur powde 
ghly mixed, 


5 " separat 
Suggest two ways of sepa 
and leave the sulphur, 


or 


5 Write word equations 


ing 
; " " + follow1?* 
y and chemical equations for the foll 
reactions : 


a  Theroastin 


" 
" zulphu 
-t 8 of zinc blende ore (ZnS) in air to get sull 
dioxide. d 

b The reaction of magnesium with dilute sulphuric "ii Jor! 
€  Thereaction of potassium sulphite with dilute hydroc? 
acid. 


"T 1 5 CRM . hatc 
d The reaction of barium chloride solution with zinc sulP 
solution. 
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6 — Explain why concentrated sulphuric acid gets hot when it is 
diluted. What safety precautions would you take when diluting it? 

One of the most important compounds made from sulphuric 
acid is ammonium sulphate a fertilizer. Describe how you would 
make a sample of this compound in the laboratory starting with 
dilute sulphuric acid and ammonium hydroxide solution. 


7 Summarise the Contact Process for the manufacture of sulphuric 
acid in the following way: 
a name the starting materials and say how they are made. 
b Describe the conditions under which the Contact Process 
reaction is carried out and write the equation for it. 
c Describe the product of the reaction and say how it is 
finally made into dilute sulphuric acid. 
8 Describe one reaction of sulphuric acid for each of the following 
set of conditions. 
a hot. concentrated acid on a metal. 
b cold, dilute acid with a carbonate. 
€ cold, concentrated acid with a carbohydrate. 


In cach case write the equation and say what you would sce. 


9 The labels have come off two chemical bottles. They both con- 
tain white powders. One is sodium sulphite and the other is sodium 
sulphate, but the Head of the Chemistry Department doesn't know 
which is which. Luckily. two pupils solved the problem. They both 
used a different method. . 

Both hydrochloric acid and barium nitrate solution were 
available in the laboratory. Explain how both the pupils did it. 


Don't forget the equations. 
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16.1 


Ammonia? 


16.2 

The Industrial 
manufacture 
of ammonia 


Ammonia and nitric acid 


; its 
There are several possible accounts of how the gas ammonia get 
name. The most likely seems to be that it came from the Greck z t 
Ammoniac, meaning salt of the sand’. This was a referen 
ammonium chloride, a naturally oc 


: at wou 
curring substance that v 
yield the gas. 


ry 

Other stories say that the name came from Armenia, a gena 

in which a lot of the ammonium chloride was mined. The least ; the 

explanation is the one concerning the Egyptians. They kep de" 

temple of the god Amun warm by putting fresh camel dung | 

the floor. The pong that followed was referred to as Amunia pit is 

Ammonia is an extremely important chemical. Most Time) 
made into fertilizers such as ammonium sulphate (sec Extra 


10 
1 i a e j reparatio 
and nitric acid (see section 16.8). Some of it is used in the prepa 

of plastics such as Nylon. 


Ammonia is manufa 
is shown as a flow di 
The hydrogen nee 


by 
the process of 


j 
8). 
" ae 4 apte! 

) ctional distillation (sce UN he 
or more usually by burning some hydrogen in air. This remo" 10 
oxygen as steam which may be liquefied. thus leaving the nitro 
gas: 


2H2(g)  O;(g) - No(gj —> 2H30(1) +N, (g). 


Methane —_» | steam 


igure 1 
li 
F^ e Process 
BRA 
moni, ture 
16.4 
3 
The lab 
Prep 8 Oratory 
ofa ation 
Onia 
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oxide and potassium hydroxide. These additional chemicals are 
called promoters. and they increase the efficiency of the iron 
catalyst. The reaction that takes place is: 


= 2NH,(g). 


As you can see from the equation, the reaction is reversible and the 
gases emerging from the reaction chamber contain unreacted 
nitrogen and hydrogen. 

After the ammonia has been removed by reducing the tem- 
perature and causing it to liquefy, the other gases are recycled. 

Ammonia, although a gas at normal temperatures and pressures, 
can be kept as a liquid under a pressure of about 10 atmospheres. 
Alternatively, it is dissolved in water to make ammonium hydroxide. 


N (g) +3H-(g 


reforming 7 hydrogen 


burned in air 

and cooled, leaving 
nitrogen gas 

2H TO TN 2H,O+N2 


] 


nitrogen 


hydrogen 


Et 


unreacted passed over iron 
gases returned catalyst with promotors 


N;--3H;22NHs 


ammonia 


condensed out 
and stored as 
— liquid ammonia 
or as solution 


Ammonia is made whenever any ammonium salt reacts with any 


alkali: 
NH,*-OH- - NH,(g) + H;O(g). 
ammonium alkali ammonia 
salt 


pua is in fact how ammonium salts are tested and identified. 
he ammonium salt and alkali most often used in the laboratory are 


ammonium chloride and calcium hydroxide: 


1 calcium 
— ammonia + chloride 


2NH zg + CaCl, (s) +2H,O\g). 


e 2 on the next page. 


ammonium calcium 
chloride hydroxide 
2NH,Cl(s) +Ca(OH)(s) — 


+water. 


he apparatus for this reaction 15 shown in figur 
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Figure 2 
The Preparation 
of ammonia. 


16.4 

The physical 
properties 
of ammonia 


16.5 

The chemical 
reactions 

of ammonia 
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ammonium chloride 
and : 
calcium hydroxide 
/ 


— — —ammonia 
X — 
So A 
LS | 
ZR | 
L] condensed 
Heat steam 
calcium o 
` will 
5^ P A - duced 
The reaction flask is sloped so that the steam prod 


» hot 
condense in the neck of the flask and not run back into m of 
reaction mixture. ‘The gas is allowed to rise through x Tie cal- 
calcium oxide before it is collected upwards into a pingar - acid or 
cium oxide dries the gas. Normally concentrated sulphuric actes 
calcium chloride would be 


a 
ep n nont 
used to dry a gas. but since amt 
an alkali, it would re 


act with the acid: 


2NH, 8 7＋ 280000 — NH SOA. 
alkali acid salt the 
SES 2 4 n r 4 dde 15 
Calcium chloride also reacts with ammonia. So calcium OX 
Most suitable drying agent. 
l1 Ammonia is a colourless gas with a choking smell. 
2 — Itis lighter than air. 
3 It is alkaline and turns damp red litmus bluc. jn 
* n? 
: : " » [oun 
4 Itis extremely soluble in water and will perform tht E 
experiment. See chapter 14. 
3 : oppe” 
Ammonia is a reducing agent. It will reduce cop 
oxide to copper: 


AONE NH g —À guts *3H,0g Ng. 
black pink dicit " 


Figure 3 
Ammonia isa 


reducing agent, 


Ammonia and nitric acid 


It will also reduce lead oxide to lead: 
3PbO(s) +2NH3(g) — 3Pb(s) +3H,O(g) +Na(g)- 
yellow silver 
coloured i 
The apparatus for this reaction is shown in figure 3. 


copper (II) oxide lead oxide 
dry 2 = — 
ammonia '| yy 
— — os T » 
wg Waste gases 
Ammonia gas reacts with hydrogen chloride gas. It forms 


a solid called ammonium chloride: 
NH,(g) -- HClig) = NH,Cl(s)- 
Thi j ; ia is ed over a gas jar of 
This happens when a gas jar of ammonia 15 opened over a gas Ja 
hydrogen chloride. (See figure +.) 


hydrochloric acid 
gas 


white smoke of 
Solid ammonium 
chloride 


ammonia gas 


This i s : e the two gases react directly 
This is called sublimation, because the two gases rea 


forming a solid. No liquid state is involved. 


Ammonia dissolves in water. It forms an alkali called 


ammonium hydroxide: 
NH, (g) -H,O(l) = NH,OH(aq). 


i š because it is not completely 
Ammonium hydroxide is a weak alkali because it 15 nO p 


ionised in solution: i 
NH,OH (aq) = NH. (aq) -OH (aq). 


ir ions. as shown in 
Nevertheless, it will perform the normal alkali reactions 


the next section. 
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5.6 —Ó 
i i i concentrate 
Tbs eactions ‘Undissolving’ of ammonium hydroxide. E quee 

at i i 'droxide lls strongly of i s 

i i i m hydroxide smells s gl 1 1 
of ammonium solution of ammoniu \ ae N o 
hydroxide especially in a warm room, because the ammonia gi ` roint 

: 1 " y X 

~~ from the solution. This also happens when ammonium hy 
nia 3 
Mu is warmed: 


NH,OH(aq) —> NH, gi - HOL. 


Nies d 
è : d T antuties 
This provides a convenient way of making small qu 
ammonia gas. Sce figure 5. 
calcium oxide 
ammonium 
hydroxide 
7 alts 
P à " " ms s 
Ammonium hydroxide reacts with acids. It for 
and water. For example: 
ammonium - 4 ammonium uten 
; + nitric acid —— 5; water. 
hydroxide nitrate 
NH,OH (aq) + HNO; (aq) — NH,NO;3(aq) HzO. 
zum 
. à : . ; s mom 
Precipitation of insoluble metal hydroxides. ee meta 
" hydroxide can be used to make precipitates of Posuit 10 
Zw Aran > 4 sosida Ts wid ; 
hydroxides. For example, when ammonium hydroxide 1s s which 
LJ ; h ; xo 18 formed. 
heat iron IT: chloride a dirty green-coloured precipitate is ſorme 
, is iron II hydroxide: 
Figure 5 d 


Another way of ammonium 


iron(II 
hydroxide 


chloride 


?NH4,OH: aq) + FeCl 


n ium 
ironi Hi ammoniun 
— 
making ammonia. 


hydroxide is chloride. 
2 % — Fe(OH 2 #2NH,Cliaq!: 
pale green dirty green 


precipitate 


; i oxide! 
Ammonium hydroxide can be used to precipitate zinc hydrox 

zinc 
sulphate 
2NH,OH aqi +ZnSO 


ammonium zinc ammonium 
hydroxide hydroxide , sulphates, 
hy ^ TOME 
stag) — ZnOH) jis) NHA28 
colourless white 


precipitate 


— 


pe 
al . . 1 Be i 
Reactions of this kind are Called ionic precipitation tenebit 
reaction of ammonium hydroxide With copper iH ions is an „hate 
ing one. If ammonium hy droxide js added to blue copper “Y 


b 


Ammonia and nitric acid 


solutions the reaction is at first the same as above. A blue gelatinous 
precipitate of copper; H) hydroxide is formed: 
2NH,OH aq 4 CuSO, aq) —> CuiOH sisi +) NH zSOA aq). 
blue solution blue 

precipitate 
Then, when more ammonium hydroxide is added, the precipitate 
redissolves to form a dark blue solution. The extra ammonium 
hydroxide has formed a complex salt called tetrammine copper! II 
sulphate: 
CuSO, + excess NH,OH\aq) — [Cu(NH3)4]SO. aq. 


dark blue solution 


This is a test which shows the presence of copper(II) ions in solution. 


16.7 
Am 
Moni ; ‘ 
u ; 5 , EE 48 
compounds Ammonium compounds are formed when ammonium hydroxide 
s reacts with an acid. Ammonium chloride is formed by the acuon 
of ammonium hydroxide on hydrochloric acid: 
a i :drochloric ammonium 
mmonium n" hydroc hloric AT c ker 
hydroxide ^ acid dilute chloride 
NH,OH(aq) + HCl(aq) — NH,Cl(aq) HzO 
Just as ammonium hydroxide is unstable when heated, ammonium 
compounds decompose when they are heated. Ammonium chloride. 
for example, will decompose to give ammonia and hydrogen 
chloride: 
p heat s : 12 8 T 
ammonium chloride —— ammonia + hydrogen chloride. 
heat P * 
NH,Clis) — NHg(s) + HClig)- 
This is the reverse process of sublimation. It is called thermal 
dissociation. . i 
Sometimes, when ammonium chloride is heated ina a tu x 
after thermal dissociation has occurred at the bottom of the tube. t " 
hot gases will sublime back to ammonium chloride on the cold upper 
part of the test tube. (See figure 6. 
g solid ammonium 
ammonium cold chloride (sublimation) 
chloride > 
i 
Fig hot 
55% e 6 ammonia gas f 
; ling, and hydrogen chloride 
hep "On and (thermal dissociation) 
fq l 
be. r I 
ane p ÈR the 8 


heat 
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16.8 
Nitric acid 


T.N.T. in use. 


Chemistry matters 


Nitric acid is an extremely important chemical which is used in the 
manufacture of fertilizers such as ammonium nitrate (NH4NOj). 
and in the production of many explosives. ee 
Names such as nitroglycerine and trinitrotoluene (TNT), are 
well known. Both of these need nitric acid for their manufacture. 
Gun powder was invented by the Chinese, thousands of years a 
It contains potassium nitrate, another compound of nitric acid. " 
Nitroglycerine is a very dangerous liquid to handle. It Lai 
explode simply as a consequence of vibration. About 100 years a8 
a Swedish industrialist called Alfred Nobel invented a stable form r3 
it by soaking the very unstable liquid into sticks of clay. This made : 
reasonably harmless since it could only be set off with a detonato™ 
He called his invention dynamite. j nd 
Alfred Nobel made vast profits from the sale of dynamit® dish 
when he died, he left much of his money in trust with the Swe 2 
Government for the provision of prizes large sums of money b ess 
Nobel Prizes, which are awarded to people who make great prog" 
in the fields of science, literature or peace 


making. 


16.9 
The 


manufacture 
of nitric acid 


ammonia air 


Cleaned mixed 
and compressed 


T 15 


65y 1 
76 Nitric acid 


F; 
T Sure 7 


te p 
" Toducs; 
nitrig Bs uction of 


‘chemo, 5 q flow 
16. 

10 
Th 

el 
Prep ez 
Dites “Hon of 

1 


: € : 2]9 
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Nitric acid is manufactured industrially by the oxidation ofammonia 
gas. This process is diagrammatically shown down the side of the 


page. 


Ammonia from the Haber process is mixed with an excess of air and 
the mixture is cleaned so as to be free of dust. 


lt is then compressed to several times atmospheric pressure. 


It is then ready to be passed over a catalyst which consists ofa gauze 
made of an alloy of platinum and rhodium. The gauze is heated toa 
temperature of 900. C to initiate the reaction of the ammonia with 
the oxygen in the air. After it has started, the reaction Is so strongly 
exothermic that it heats the incoming gases by itself, so the reaction 
Stays at this temperature without any more heating. 


T i i 7) oxide is 
l'he outcoming gases are now cooled, and nitrogen (IV) 


formed. This is the overall reaction: 


STNH;(g!-703(g^ = IO + 6H20(g)- 
nitrogen IV) oxide 


; ; 88 an absorption tower. 
lt is then mixed with more air, and passed up an e * ith glass 
: E . "Pha ‘Pris 2 sed w 418 
against a downward flow of water. The d = : ater: : 
balls to provide a surface in the gases to react with the W. 


ANO; (g) + Og ig) +2H:0(1) — 4HNO; aq). 
acid, and 35", water. Stronger acid 


Fhe mixture coming out is 65", 3 1 
of the solution. 


may be made by very careful distillation 


litri : heated with concentrated 
Nitric acid is made whenever a nitrate is heated with concentre 


sulphuric acid: 
NO,” (s) + H,SO,(1) — HSO, (aq) fs HNO3(g)- 

nitrate hydrogen nitric acid 

ion sulphate ion vapour 
i i i reparation for a time. 
This method was used as the industrial preparation for a long 
the cheapest nitrate was sodium nitrate: 
NaNO is) +H,SO,(1) —? NaHSO,(aq) +HNO3(8)- 
i sodium 
hydrogen sulphate 


Figure 8 

The laboratory 
preparation of nitric 
acid, 
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The chemical 
reactions of 
nitric acid 


Chemistry matters 


: 1 i , Al- Apparatus 
Because nitric acid is such a corrosive liquid, an all-glass ap] 
must be used. (See figure 8.) 
glass stopper 


water 


— condenser 


water 


concentrated 
sulphuric acid 
——————-—-—-— + sodium nitrate 


Q 


heat E i 
-pure nitric acl 
4d is 
] . . ; : niii acid 
As the sodium nitrate 15 warmed with the acid, the nitri à 
formed 


„ature 
- . 4 temperat 
asa vapour and must be condensed. If too high a tem] 


is used, the acid will decompose and become discoloured: 


4HNO,(1) —> 4NO3(g) + O;(g) +2H,O(g). 
It is the brown nitrogen( IV) 
brown. Because 
bottles, to protec 
will cause the ac 

The pure ni 


me 
3 " E beco! 
oxide which causes the acid to 


x cdi Ran ow in brc 
of this, concentrated nitric acid is kept . which 
t it from the light y 

id to decompose. 


less oily 
tric acid formed by this method is a colourless» 
liquid. It can cause 


wn 


another source of energ 


nay 
: in Brown, alia © 
severe burns, turning the skin brown, in «ib. 
ile Ana. fi j : ; 1 anic 7 
also cause fires if allowed to come into contact with organ! 
stances, such as sawdust or wood shavings. 
AS 
Concentrated nitric acidisa Powerful oxidising agent. i ry 
mentioned above, it will rapidly oxidize organic compoune 
sawdust provides a typical example: 
A ; V) 
dry saw-dust nitric carbon nitrogen! : 
a compound of acid dioxide + Water + pyxide. 
carbon, hydrogen 
and oxygen " 
i 
This is a very exothermic re 


: ; 1 very ary? 
action, and if the sawdust is very 
may catch fire, 


[e 
15 


Ammonia and nitric acid 


Concentrated nitric acid will oxidize metals. It oxidizes 
them to salts called nitrates, and it is reduced to nitrogen IV! oxide 
and water. For example: 
concentrated copper nitrogeni IV 
. " . — B 7 : 
nitric acid nitrate oxide 


Cuis) + 4HNO,(1) —> CuiNO4)J4(aq) +2NO2(g) + 2H201)). 


copper- +water. 


Dilute nitric acid shows typical acidic properties. It 
reacts with bases to form salts plus water, and carbonates to form 
salts plus carbon dioxide plus water. However, it does not react with 
metals in the same way as other acids. It still acts as an oxidising 
agent, but instead of producing hydrogen when added to a metal, it 
produces nitrogen II oxide and water. In addition, dilute nitric 
acid reacts with copper, which has no reaction with other dilute 
acids such as hydrochloric acid. 


f dilute — copper nitrogen (II — 
nitric acid nitrate oxide 
3Cu(s) +8HNO3(aq) —? 3Cu(NO3)2(aq) +2NO(g) 


copper + 
+ +4H,O(1). 


acid react with reactive metals such 


Only when very dilute will nitric I 
form a salt plus hydrogen. For 


as magnesium and calcium, to 
example: 


calcium + very dilute nitric acid — calcium nitrate + hydrogen 


Ca(s) + 2HNO; (aq) —^? Ca(NO3)2(aq) + H218). 


Because nitric acid is a monobasic acid it forms only normal 


salts, called nitrates. 


16.19 
Re 
" ned i i i id makes nitric 
rates Warming with concentrated sulphuric aci 
acid vapour. Sodium nitrate is a typical example: 
NaNO, (s)+ H2SO AU — HNO; (g) +NaHSO;,laq). 
This reaction may be done in a test tube. As the nitrate and 
sulphuric acid are heated, small drops of nitric acid may be seen 
condensing at the cold top of the test tube. (See figure 9. 
— oily drops of nitric acid 
F; 
V/ dare 9 
TA 
hi cti 
Ura ; 9 5 0 
bi 15 —— any nitrate and sulphuric acid 
Sul "ated 25 
“Me acid AT 


Figure 10 
The Brown Ring 


lest for nitrates. 


Be Brown Ring tesi For nitrates. 
pic to perform, and it is best described by 
are shown in figure 10. 


lhis is a rather difficult 


a series of diagrams. These 
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ring 
forms 
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of suspect iron (II) concentrated 
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added added 


re 
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: t 
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the interface betw 
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een the two layers. The nitric acid reacts Wit 
iron (II) sulphate to form a brown compound. 
i The way in 
Nitrates decompose when they are heated. The: wa) 
which th 


: x . nitrate 
ey do so depends upon how reactive the metal in the n 
is. Ifit is 


glt 
» the nitrate will be quite stable and ane 
to decompose. If the metal is less reactive, the nitrate will decom! 
about this in chapter ud 
ates are quite stable when iw 
€compose, but not comple!’ 


: F - jords» 
Pose more than this in other W 
nitrate is typical: 

lead oxid 


3)2(8) —> 2PbO(s 
colourless Crystals 


nitrogen (IV) oxide + oxygen 
*t4NO'g „ — O,g- 


yellow solid brown gas 


Lead nitrate Hastañ I 


noises. This is called zzz. 


PON j 
+ NPAT ey 


Vw. Wire thee 
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rs n el, , eme, 
OV cx Pper Ultrate P 


copper(II) copper UU Woven YN 


nitrate Nee e ee 
2Cu(NO3)2(s) —? 2CuO(s) + 4NO;ig) + Oig). 
blue crystals black brown gas 
powder 


Nitrates of the noble metals, mercury, silver and gold, (i.c., the least 
rcactive ones) decompose right down to the metal. For example: 


mercury nitrate —— mercury * nitrogen(IV) oxide + oxygen. 


Hg(NO,),(s) — Hg(l) + 2NO3(g) + Ox(g). 


Sum 
mary At the end of this chapter you should be able to: 


Describe the Haber process for the production of ammonia. 


1 
2 State the main uses of ammonia. 
3 Describe the physical properties of ammonia. 


4 Describe the reactions of ammonia as a reducing agent and as 


an alkali. 
5 Describe the industrial ma 


; Di TP ; 450 
6 Describe how nitric acid is made in the | " 
tions of nitric acid as an oxidising 


nufacture of nitric acid. 
ratory. 
7 Explain the chemical reac 
agent, and as an acid. 

i i itrates. 
8 Describe the Brown Ring test for nitrate 


9 Describe how nitrates behave when heated. 


Figure 10 
The Brown Ring 
lest for nitrates. 


Chemistry matters 


The Brown Ring test for nitrates. This is a rather eur 
test to perform, and it is best described by a series of diagrams. These 
are shown in figure 10. 


solution acidified lower layer of 

of suspect iron (II) concentrated 

nitrate sulphate sulphuric acid 
added added 


The brown ring is formed because a small amount of nitric acid 
is formed when the sulphuric acid meets the nitrate solution àt 
the interface between the two layers. The nitric acid reacts with the 
iron(II) sulphate to form a brown compound. 


Nitrates decompose when they are heated. The way in 
which they do so depends upon how reactive the metal in the nitrate 
is. If it is a reactive metal, the nitrate will be quite stable and difficult 
to decompose. If the metal is less reactive, the nitrate will decom po5€ 
more easily. But you can read more about this in chapter 18. 
Potassium and sodium nitrates are quite stable when heated. 
Potassium nitrate, for example, will decompose, but not completely: 


potassium nitrate —— oxygen + potassium nitrite. 


2KNO,(s) —> O;(g) + 2KNO,(s). 


The majority of nitrates decompose more than this in other words, 
right down to the oxide. Lead nitrate is typical: 

lead nitrate — lead oxide + nitro: 
2Pb(NO3)3(s) —> 92PbO(s 
colourless crystals 


gen(IV) oxide + oxygen. 


+ 4NO,(g ge O2 g 
yellow solid brown gas 


Summary 
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Lead nitrate crystals decompose explosively with small cracking 
noises. This is called decrepitation. In the case of copper nitrate: 


copper(II) copper(II) , nitrogen(IV) 


nitrate oxide oxide e 
2Cu(NO3)2(s) — 2CuO(s) + 4NO2(g) + O(g). 
blue crystals black brown gas 
powder 


Nitrates of the noble metals, mercury, silver and gold, (i.e., the least 
reactive ones) decompose right down to the metal. For example: 


mercury nitrate —— mercury + nitrogen(IV) oxide + oxygen. 


Hg(NO3)2(s) — Hg() + 2NO;(g) t Os (g). 


At the end of this chapter you should be able to: 


Describe the Haber process for the production of ammonia. 


State the main uses of ammonia. 


1 

2 

3 Describe the physical properties of ammonia. 

4 Describe the reactions of ammonia as à reducing agent and as 
an alkali. 

5 Describe the industrial manufacture of nitric acid. 

6 Describe how nitric acid is made in the laboratory. 


7 Explain the chemical reactions of nitric acid as an oxidising 
agent, and as an acid. 


8 Describe the Brown Ring test for nitrates. 


9 Describe how nitrates behave when heated. 
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Chemicals and food 


supermarket light 
and transport 20% 


farm machinery 
and fertilizers 19% 


oil, coal and gas 
used to grow, 


make and deliver 
this loaf 


bakery 48% 


World food 

If you had been alive 10000 years ago, you 
would have been a hunter-gatherer. Your food 
would have consisted of nuts, berries, and roots 
that you collected as you roved around. The 
supply in Summer and Autumn would have 
been plentiful because there would not have 
been many of you and the area ofland that you 
had to cover would have been large. In Winter, 
you would have had to survive on stored food 
and any roots that you could have dug up from 
under the snow, If you had been 
you would have hunted every few weeks or so 
because your catch probably would have been 
large enough to keep and perhaps dry or smoke 
some. 

If you are now lucky enough to live in the 
Western World, your food is grown, processed, 
and packaged for you and supplied by other 
people. 2^, of our population in this country 
grow food for the other 980%. Apart from fresh 
food like fruit and vegetables, most ofour meals 
come from food that is in a processed or semi- 
processed form. Meat is ready butchered or 
even made into convenience foods like sausages 
and beefburgers, wheat is turned into bread, 
ready packaged and sliced, and even veget- 
ables from the supermarket are washed and 
trimmed. Most foods can be had out of season 
because of modern preservation methods. 
Countries like Great Britain are able to eat like 


a meat eater, 


this because they are wealthy. The Figure 
above shows just how expensive a loaf of bread 


flour mill 13% 


is when measured in terms of the labour and 
fuel used to make it and get it to the shops Id 

Yet despite that the fact that the Wor ne 
produces 10% more food than it needs, a 
400 million people in parts of the World suc? i 
Africa, South America, Asia, and the Far 7055 
(often called the Third World countries), ha* A 
far less to eat than they need to stay healthy 2 
even survive, Furthermore, these countri As 
their meagre supply of protein from Be 
(wheat, maize, and rice) and root (yams an 
casava) whilst rich Western countries have 19 
luxury of eating meat protein, mee 
animals have first been fattened on grain. sing 
is a very wasteful w of eating. It is distressins 
to think that whereas most British and vod 
ican children have more than they need to ca S 
many children in central Africa become dw 
tein deficient as 500n às they cease to be D 
fed. Third- World diets are often lacking Ji 
essential ingredients and although people mer 
not simply starve to death in all under 
privileged countries, they may have shortenc, 
lives because of diseases brought about by po? 


diet. 


The problems [3 
here are many factors that lead to 8 
people in the World Starving, whilst others im 
fat. Some of them could be solved easily wit 
money, but others cannot, ies 
J. Population In Third-World countries. 
the population often increases at a far greater 


rate than à 
than in Western countries, More people 

Ss food to go round. In Africa, the 
uate of Population increase is four 
than in Great Britain, Often a 
Sia ae teat red to be necessary to 
jae soak: y death rate: often it is a 
education or money to provide 


S of contracepti 
aception. 
Climate Slig I 


vainfall; in thi ht changes in the pattern of 
n North. 5. JS N are an inconvenience. 
"d Et 

Year and ify frica, rains only come once a 
Severa Ney f; 


metal years in bo to come, as they might do 
> ans that 5 w. crops do not grow. This 
me ext c crop is mly is food scarce, but seed for 
: S ans tha al gras Not available, Lack of rain also 
“eded for milk does not grow, so the animals, 
bu? Soil Cre —— at and fertilizer, die as well. 
soi and ical, not only water to grow 
rain ji May he * ents as well, In dry areas, 
5 do come OWN away by winds, or when 
10 itic on, land th be washed away in floods. 
Prog is ne Ot give at is intensively farmed but 
duct n any fertilizer becomes un- 


ve 
and inte 
he pi on grass Lande ile, Over-grazing by 


c 
ng. 5 are , 
s all e per 
Ser he eld logetut eaten, then the soil is no 
le : 
er by their roots and soon 


a * 
ants nds also causes problems. If 


becomes eroded. In North Africa, whilst 60% 
of the land is already desert, itis predicted that 
a further 10°, will become desert in the near 
future. 

4. Poverty Many of the problems of the 
Third World come simply from lack of money. 
With more money, irrigation systems could be 
built and fertilizers bought. Farmers could be 
educated in the best ways to manage the land 
and new strains of plants, resistant to disease 
could be introduced. Machinery and tools 
could be imported and fuel to run them. First 
World countries are rich enough to afford such 
technologies and the problems of starving 
people will be solved in the long run, not by 
continually sending excess food stocks but by 
sending money, advice and knowledge to help 
these countries help themselves. Some people 
have estimated the amount spent on war and 
armaments is about £200 billion per year and 
that one half of one percent of this sum could 
solve World food problems by the end of the 
century, 


Fertilizers 
Before the beginning of this Century, animal 
manure was the chief source of fertilizer. 
Since 1900, the amount of artificial fertilizer 
used in Britain has increased dramatically. 


millions of tonnes of 22.8 million 
117 tonnes of 
fertilizer Potassium 


61 million tonnes 
of Nitrogen 
used in 1982/3 


13.5 million 
tonnes of 
Phosphorus 


T Um T 1 
1905 1925 1945 1965 1985 year 


I. C. I. estimates that 15 new ammonia fac- 
tories will have to be built by the end of this 
decade to cope with the increased demand 
for fertilizers. 


A crop of barley needs 110 kg of nitrogen, 
14 kg of phosphorus and 56 kg of potassium 
to produce 5000 kg of grain and 5000 kg of 
straw per hectare. If a smaller amount of 
fertilizer is used, the yields are much smaller. 
Extra fertilizer does not increase the amount 
of crop. 


Questions 


Chemistry matters 


1 In one of the stories about how ammonia got its name, it sed 
suggested that it derives from a name for ammonium chloride, w oe 
was mined in Armenia. How do you think the Armenians got the 
ammonia out of the ammonium chloride? (There are two ways in 
which they might have done it.) 


2 Summarize the Haber Process by giving details of: 

a Ihe reactants, and where they come from, 

b the reaction and its conditions, 

€ the products, and how they are separated and treated. 
What is a catalyst? What docs it do? 


3 Compost is good for the garden when it is dug into the gratis. 
But you have to look after compost heaps. You can buy all sorts o 
things to tip over to make them rot quickly and form compost, One 
such substance is ‘Sulphate ofammonia’, and another is Oiekin i 

The index will help to find out the proper names and formu i 
for these substances. Bearing in mind the fact that compost heaps si 
wet and get hot, explain why these two substances should not be pu 
onto the compost heap at the same time. 


$ : in in à 
4 Some hydrogen has become contaminated with ammonia i d 
factery. Explain how you would remove the ammonia to leave Pri 
hydrogen. Sketch the apparatus which you would use. How wou 


1 Ey -was COT 
you test the hydrogen in the first place to see if it really was co 
taminated? 


5 You want a sample of copper, but you have only got imei 
oxide, ammonium chloride, and sodium hydroxide. Explain. wil 
equations, how you would get the copper, and draw the apparatus 
you would use. 


6 


An experiment Was set up 


as shown in the diagram. 


cotton wool white cloud glass tube cotton wool 
soaked in of smoke Soaked in 
concentrated ammonium 
hydrochloric hydroxide 
acid 


After a few minutes, a sma 
one end of the glass tube. 
a Wat was the white smoke? 
b How was it formed? 
c Why wasn’t it formed 
wool were put into place? 
d Why wasn't the white cloud formed in the middle of D 
glass tube? 


š ear 
ll cloud of white smoke appeared ne 


s , —Á 
immediately the plugs of cott 


N 
EN] 
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7 Describe how you would prepare crystals of ammonium 
sulphate, starting from ammonium hydroxide and dilute sul- 
phuric acid. The salt will need to be completely neutral. and not 
contaminated with excess acid or alkali. 

Describe the apparatus vou would use, and write the equation. 
8 Write equations for the ionic precipitation reactions which 
occur between ammonium hydroxide and solutions of: 

a iron(II) sulphate 

b lead nitrate, and 

magnesium chloride. 
9 Describe a way in which you could get a pure sample of 
ammonium chloride from a mixture of ammonium chloride and 
sodium chloride. 

Draw a diagram of the apparatus you would use. 
10 Nitric acid is a dangerous chemical because it can cause fires. 
Explain how an accident like this might happen in a factory store 
room. 
11 Describe the reaction of dilute nitric acid with: 

a sodium hydroxide solution 

b calcium oxide 

calcium carbonate 

d copper 
12 Some unlabelled chemical bottles have been found. One con- 
tains a liquid, which might be a solution of ammonium hydroxide 
solution; the other contains crystals which might be of potassium 
nitrate, 

Describe one physical test, and two chemical tests to identify 
the solution, and two chemical tests to identify the solid. Give 


equations for all the reactions you mention. 
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17.1 
Names and 
symbols 


Figure 1 

Cells. batteries. 
switches and bulbs, 
and their symbols. 


Electrochemistry 


When we talk about electricity and chemistry, certain names and 
symbols have to be used. 2 
A source of electricity is called a cell, and a group of cells 1$ 
called a battery. The negative terminal ofa battery is always drawn 
short, and the positive terminal long. In this book, the negative 
terminal is always drawn on the left hand side. e 
Switches are used in circuits to stop or start the flow of electricity: 
Bulbs will register whether or not a current is flowing. The symbols 
used for cells, batteries, switches and bulbs are shown in figure |. 


electrical device 


symbol 
one cell (negative 
and positive terminals 1) 
marked) 
a battery of three 
cells 11 
switch * 


bulb +h. 


The things that carry the electric current into a liquid or 4 
molten substance are called electrodes. They are usually made of inet! 


substances such as graphite, platinum, silver and gold. Sometimes 
mercury is used. 


Figure 2 


A circuit diagram for 


n electricity 
through a Solution. 


17.9 
Conductors 
and insulators 


Electrochemistry 229 


The electrode which is connected to the positive side of the 
battery is called the anode. The electrode which is connected to the 
negative side of the battery is called the cathode. A battery is an 
‘electron pump’. It pushes electrons in at the cathode and sucks 
them out at the anode. Figure 2 shows the circuit diagram for the 
apparatus that would be used to pass electricity through a solution. 


an| 


© 


cathode anode 


Solid substances which allow electricity (i.e. a flow of electrons) to 
pass through them are called conductors. Examples of conductors are 
metals, and graphite. T" 

Solid substances which do not allow electricity to pass through 
them are called non-conductors, or insulators. Examples of non- 
conductors are: non-metals (except graphite), wood. glass ceramics. 


and plastics. 


Liquids which will allow electricity to pass through them are called 
electrolytes. Examples of electrolytes are: 

solutions of acids in water, 

solutions of alkalis in water. 

solutions of salts in water. 


and molten salts. 
Liquids which do not allow electricity to pass through them are 


called non-electrolytes. Examples of non-electrolytes are: pure water. 
organic solvents such as ethanol and propanone. and molten 
covalent substances such as wax and naphthalene. 
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17.4 
Electrolysis 


17.5 
The electrolysis 
of molten 


potassium 
iodide 


Figure 3 
The electrolysis of 
potassium iodide. 


Chemistry matters 


The passage of an electric current through an electrolyte is called 
electrolysis. 

Electrolytes are liquids which contain ions. The ions are free to 
move about. When two electrodes which have been connected in a 
circuit with a battery are put into the liquid electrolyte, the charged 
ions are attracted to the charged electrodes. 

The positive ions are attracted to the negative electrode (the 
cathode) so they are called cations. 

The negative ions are attracted towards the positive electrode 
(the anode) so they are called anions. 

As the ions move they carry the electric charge through the 
electrolyte and a current flows around the circuit. As this happens, 


this means that electrolysis is taking place, and an electrochemical 
reaction is happening. 


Potassium iodide has a melting point of 685°C. When it is melted, 
the ions in the crystal lattice get enough energy to break apart, and 
move around independently. If electrodes are put into the molten 
salt, the ions are attracted towards them. Figure 3 shows the 
apparatus that could be used for this electrolysis. 


111 


crucible 


The negative iodide ions are attracted towards the anode. They 


are called anions because of this. At the anode, they give up their 
electrons and turn into iodine m 


Fons: olecules. The electrons go off rounc 
the circuit: 
2l ——* 91 4- De 

21 — 1216) 


The iodine is released as purple iodine vapour 


17.6 


The electrolysis 
of molten lead 


romide 
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The positive potassium ions are attracted towards the cathode. 
They are called cations because of this. At the cathode, they take in 
the electrons which have come round the circuit, and form potassium 
atoms. 


2K*-F2e€ —— 2K(l). 


At this temperature the potassium is formed as a liquid. 

Note how the two electrode reactions balance in terms of 
electrons. For each electron released at the anode, one is taken in at 
the cathode. As the ions move towards their electrodes, electrons 
flow around the circuit. A current is flowing, so the bulb lights up. 
Because the ions are separating, electrolysis always means that the 


electrolyte is decomposing. 


The melting point of lead bromide is 370°C. Molten lead bromide 
contains lead ions and bromide ions. When two electrodes in a circuit 
are put into molten lead bromide, the ions are attracted towards the 


electrodes and a current flows in the circuit. 
'The bromide ions are attracted towards the anode. Because of 


this they are called anions. At the anode, they give up their electrons 
and turn into bromine molecules. At this temperature the bromine 


is given off as a brown vapour: 
2Br —> 2Br+2e7 
2Br — Bry(g). 

The lead ions are attracted towards the cathode. Because of 
this they are called cations. At the cathode, they take in the electrons 
which have travelled round the circuit, and change into lead atoms. 
At this temperature the lead is formed as a molten blob of metal at 
the bottom of the crucible. 

Pb?*++2e° —— Pbil). 

Now that you have seen the electrolysis of two molten salts, 
take another look at the electrode reactions. The ions reacting at the 
cathode always gain electrons. Gain of electrons is reduction, 
Reduction always happens at the cathode. The ions reacting at the 
anode always lose electrons. Loss of electrons is oxidation. Oxidation 


always happens at the anode. 

If you want some more examples of the electrolysis of molten 
salts, look at Chapter 18. Sodium and aluminium are extracted from 
their ores by electrolysis, and copper is purified by electrolysis as 
well. 


Uh 

The electrolysis 
of acidified 
water 


Figure 4 
The electrolysis of 
acidified water. 


Chemistry matters 


Pure water is a non-clectrolyte because it is a covalent compound. 
But whenever an ionic substance is dissolved in it. the water ionises. 
Sulphuric acid could be used. There would then be three types ol 
ions in solution: 


from the water: HzO“) — H ag OH- aq 
from the acid: H 2804 —> 2H* (aq) +SO,4?7 iaqi. 


When electrodes in a circuit are put into dilute sulphuric acid, the 
hydroxide ions and the sulphate ions are both attracted towards the 
anode. However, it is harder for the sulphate ions to give up their 
electrons than the hydroxide ions. So the hydroxide ions break up. 
forming oxygen and water: 

40H — 2H4,0 «0, 4c. 


Bubbles of oxygen gas are formed at the anode. The electrons g0 
round the circuit. 
There are only hydrogen ions to be attr 


acted towards the 
cathode, and they take in the electrons to f 


orm hydrogen molecules: 
4H* +467 — > 2H;(g). 
Bubbles of hydrogen arc formed at the 
The apparatus th 
figure 4. 


athode, P 
at could be used for this electrolysis is shown in 


hydrogen oxygen 
| 


graduated 
tubes 
BEY 
platinum— platinum 
cathode anode 


Notice that the two electrode re 
number of electrons are involved 
from the equations that one mole 
two molecules of hydrogen. E 
electrons and each molecule 
electrolysis is left running for 
volume of hydrogen produced 


aeti 2 c 
actions are balanced. the san 
p T d 
at each electrode. But vou can S 
" * : “very 
cule of oxygen is produced for evel 


“ar = ar 
ach molecule of oxygen needs fou 


of hydrogen needs 2 electrons. If tht 
a few minutes, it will be seen that tht 


l is twice that of oxygen. 
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The electrolysis 
of copper(II) 
sulphate 
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Electrolysis of copper(II) sulphate solution is different depending 
on whether platinum or copper electrodes are used. 


Platinum electrodes. There are four sorts of ions in copper(II) 
sulphate solution. 
from the water: H;O(l) — H* (aq) - OH" (ag); 


from the copper sulphate: 
CuSO,(aq) — Cu?*(aq) - S0,?- (aq). 


When the platinum electrodes are put into the solution, both the 
sulphate ions and the hydroxide ions are attracted towards the 
anode, but as we have already seen, it is the hydroxide ions that 


break up to turn into water and oxygen: 
40H- —> 2H,0+0,+4e°. 


Oxygen gas is released at the anode. 

Both the hydrogen ions and the copper ions are attracted to- 
wards the cathode. Copper ions will accept electrons more readily 
than hydrogen ions can. So it is copper that is formed: 


2Cu?* +4e7 — 2Cu(s). 


A brown coating of solid copper appears on the cathode. i 
Because copper ions and hydroxide ions are removed from the 


solution, hydrogen ions and sulphate ions are left behind after the 
electrolysis has gone on for some time. The solution will have become 


colourless sulphuric acid solution. 


Copper electrodes. The reaction using copper instead of 
platinum electrodes is very different. All that happens at the anode 
is that the copper dissolves, and forms copper ions: 


Cu(s) — Cu?“ 42e. 
At the cathode, copper ions turn into copper metal: 
Cu? +2e7 — Cols). 


The copper anode gets thinner, and the copper cathode gets thicker. 
More details are given in the section on purification of copper. 


(Chapter 18.) 
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17:9 


Strong and 
weak 
electrolytes 


Chemistry matters 


Solutions and molten substances which contain a lot of ions are 
called strong electrolytes. Good examples are strong acids and 
alkalis, and salts - molten or in solution. They are strong electrolytes 
because they are fully ionised. 

Sometimes, substances only ionise slightly when they are 
dissolved in water. The solution will then only contain a few ions, 
and it is only a weak electrolyte. 

A good example of a weak electrolyte is ethanoic acid. In 
solution it is only partly ionised. 

Strong electrolytes may be distinguished from weak electro- 
lytes by testing how easily an electric current passes through them. 


" aj 
ES ` © 
> E 
— * 
. e 
1. 2. cH 
5 55 "T" Ethanoic Sugar 
ydrochloric acid i 
90 15 solution 
Strong electrolyte, Weak electrolyte. Non-electrolyte. 
Current flows easily. Only a small current flows. No current flows. 


17.10 

The industrial 
production of 
sodium 
hydroxide 


mercury , 
amalgam out 


Sodium hydroxide is 


produced by the electrolysis of brine in a device 
called a ‘flowing mer 


cury cathode cell’. It is shown in figure 6. 


graphite anode 


anode + 


chlorine — 
\ 


Figure 6 The flowing mercury cathode cell. 
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The anode of this cell is made of graphite. The cathode is a con- 
tinuously flowing stream of mercury. The electrolyte is brine, which 
is the common name for concentrated sodium chloride solution. 

Because the sodium ions and chloride ions are in such high 
concentration, they are attracted to the electrodes in preference to 


H* and OH ions. 
At the anode, chloride ions give up electrons and form chlorine 


molecules: 
2C] — 2Cl+2e7 
201 — Cl,(g). 


The chlorine is removed for other industrial uses. 
At the cathode, sodium ions take in electrons and turn into 


sodium atoms. The sodium immediately dissolves in the liquid 
mercury to form a solution called an amalgam. The amalgam flows 


out of the cell: 
2Na +2e7 — 2Na(s) 
Na+Hg — Na/Hg. 


The amalgam is then mixed with water. The sodium in the 
mercury reacts to form hydrogen and sodium hydroxide solution: 


2Na(s) +2H,O(1) —> 2NaOH(aq) + H5(g). 


The sodium hydroxide solution is carefully evaporated to give white, 


solid sodium hydroxide. p 
Electrical cells of this sort produce more than 250 000 tonnes of 


chlorine and sodium hydroxide cach year. The pie charts below show 
some of the uses to which these chemicals are put. 

Most of the hydrogen that is made in the process 1s used as a fuel for 
heating other industrial processes. 


chemicals of 
all sorts 


plastics such 
Solvents as P.V.C. 
e.g. Tippex 


fluid pesticides 
and 
; icides 
perd d 5 — textiles 
and E 
SESIBS chemicals such 
as HCI paper 
other 1000 3% 
uses 
11% water 4% treatment extraction “soap 
treatment water of Al 7% 
4% 5% 


uses of chlorine uses of sodium hydroxide 
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ue -— Electrodes may be caused to become coated with a layer of meta 
e 


during electrolysis and this is called electroplating. Look at the 
apparatus in figure 7. 


m~~ 


copper 
cathode 


nickel anode 


; — nickel sulphate 
Pee T solution 
Nickel plating. 


; : " >, The 
This cell contains a nickel anode and a copper cathode. id 

electrolyte is nickel sulphate solution. When the current is switc 

on the nickel anode dissolves to form nickel ions: 


Ni(s — Ni?* (aq) Tt2e7. 


: bii , ; ickel 
At the cathode, the nickel ions in solution are turned into i 
atoms and are formed as a thin layer of metal on the electrode: 


Nis“ (aq) Te- — Ni(s). 
The copper cathode has b 
electroplating. 


Any metal object which is to 
so as to be free 
cathode in the el 


. . ie called 
een nickel plated. This process is cal 


. cleaned 
be electroplated must be cle “ 
of dirt, corrosion, and grease. It is then made 


: hich 
ectrolysis cell. The anode is made of the metal whic 
is to be used for the electroplating 


have ions of the metal in it. The ay 
to electroplate a nail with copper. 


. zen to 
and the electrolyte is ae 
dac > us 
pparatus in figure 8 could be u 


— copper 
anode 

nail 

Figure 8 cathode copper 

Copper plating an sulphate 


i Solution 
iron nau. 


17.19 
Cells 
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In industry a lot of care is taken to make sure that the layer of metal 
stays in place. If an iron object is to be chromium plated it has to go 
through four processes: 


1 It is thoroughly cleaned with sulphuric acid (this is called 
pickling), and washed with deionised water. 


2 It is then copper plated, because this sticks well. 
3 The copper layer is then nickel plated to prevent corrosion. 


4 Finally, the nickel layer is chromium plated, giving a bright, 
non-tarnishing finish to the iron. 


Just as electricity can cause a chemical reaction to take place during 
clectrolysis, so a chemical reaction can make an electric current flow 
around a circuit. A bulb may be made to glow dimly by connecting 
it to two electrodes one of copper and one of zinc), and immersing 
them in dilute sulphuric acid. (See figure 9.) 

The flow of electrons around the circuit means that there is an 


electric current. 


copper zinc 
electrode — electrode 
bubbles of 
hydrogen —— 

— dilute 


sulphuric acid 


The zinc electrode dissolves in the acid and forms zinc ions: 


Zn(s) — Zn?* (aq) 2e. 
The electrons that are released flow round the circuit to the copper 
electrode. Here, hydrogen ions take in the electrons and form 
hydrogen gas: 

2H*(aq)+2e7 — Hg). 
The flow of electrons around the circuit means that there is an 
clectric current, so the bulb lights. This is a cell. A chemical reaction 


is producing electricity. 

This cell has two main disadvantages: 3 N 
Not all of the energy from the reaction is turned into 
the cell gets hot. 
ith a layer of hydrogen 


a 
electricity. A lot is made into heat 
b The copper electrode gets covered w ‘hy 
bubbles. These prevent the current from flowing. This is called 


polarisation. If the bubbles are cleared. the current flows again. 
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17.13 
The dry cell 


Figure 10 
The dry cell. 


17.14 
A rechargeable 
cell the 


accumulator 


Chemistry matters 


t i i sed i ches, radios 
This is the type of cell found in the batteries used in torches, 1 E 
dt 1 i revi e oes 
etc. It isa little more complicated than the previous cell, but itc : 
4 a sits TOC 
not get very hot (it does get warm), and it does not polarise to! 
much. It is shown in figure 10. 


metal top 


- graphite 


powdered carbon and 
manganese (IV) oxide 


paste of ammonium 
chloride 


- cardboard or metal 
cover 


— —- zinc case 


The cell consis 


s of a carbon rod which fits inside a porous me 
of carbon powder mixed with manganese IV oxide. This bag i 
surrounded with a paste of ammonium chloride, and all 1 
contained in a zinc case. The top of the cell is sealed with pitch. 
A cardboard, or metal wrapper is added. j 

When the cell is connected into a circuit, the zinc slowly wa 
solves, releasing electrons. These go through the outside einen 
and so form the electric current. The terminals of the cell are on tht 
top of the carbon rod and on the bottom of the zine case. . i 

When the chemicals have been used up, the battery is finished 
it has gone flat. It cannot be used again, because the chemica 
reaction cannot be reversed. 

This single cell has a voltage of 1- 
voltages (such as a 9 volt battery for 
these cells connected end to end. 


à i ; het 
5 volts. Batteries with high it 

3 ‘ 10 
a radio), contain a number 


Dry cells have to be thrown 
accumulator (like the battery 
chemical energy is used up. It 
dilute sulphuric acid. Whe 
plate has a layer of lead oxi 


; An 
away once they become flat. 


in a car) can be recharged when S 
consists of lead plates, which dip in^ 
n the accumulator is charged, the positiv 
de built up on it. The negative plate stay” 
as lead. As the accumulator is used. a chemical reaction takes placi 
so that both of the plates become cove ed with lead sulphate. whe! 
this happens, the accumulator goes flat and must be recharge™ 
When it has been recharged. the plates are restored to their previow 
condition, so the accumulator can be used to supply electricity agat 
In a motor car, the electric circuits , alte! 
electricity has been drawn out of the 
The worst problem is 
raining, a lot of ele 


in winter, 
ctricity is drawn from the battery. The dynam 
i d. so the battery We 
tinue for a long Um 


„ 
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Usually, however, the battery ina car is kept charged by the dynamo. 
All that is needed is for the battery to be kept topped up with distilled 
water. 

Each cell of an accumulator produces a voltage of 2 volts. Most 
car batteries consist of six of these cells together, and have a total 
voltage of 12 volts. (See figure 11.) 


topping up holes 


(—) terminal | (+) terminal 
" — outer casing 
coating of 
lead oxide 
Fi; dilute 
A nr ea sulphuric 
car battery, | acid 
Su 
mmary At the end of this chapter you should be able to: 


1 Draw the symbols for a cell, a battery, a bulb, a switch, and put 
them into a circuit diagram. 

2 Say which side of the battery the anode and cathode are con- 
nected to. 

3 Distinguish between conductors and non-conductors and give 
examples of each. 

4  Distinguish between electrolytes and non-electrolytes and give 
examples of each. 

5 Say what is meant by the term electrolysis. 

6 Describe the electrolysis of a molten salt. 

7 Describe the electrolysis of dilute sulphuric acid. 

8 Describe the electrolysis of copper(II) sulphate solution with 
platinum electrodes. 


9 Describe the electrolysis of copper(II) sulphate solution with 


copper electrodes. 
10 Distinguish between a strong and a weak electrolyte. 


11 Describe the industrial production of sodium hydroxide. 
ctroplated and describe the 


12 Explain how an object may be ele - i 
lectroplated in a factory. 


sort of care that is taken before something is € 
ici i É mical 

13 Describe how electricity may be obtained from a chemica 

reaction. 

14 Describe the dry cell. 


15 Describe the accumulator. 
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Hard sell 
for fuel cells 


There has been a lot of talk about 
crisis dn. the last few Years, 
believe that the crisis is one of the efficiency with 
which fuels are used. rather than the amount 
of fuel available. The Jollowing article tells 
vou about one such group. 


“the energy 
Some people 


Thirty-two American companies are trying to 
get the American government to give them 
money to help them develop fuel cells which 
they claim, will make the power stations which 
we need today completely unnecessary. 

Fuel cells make electricity directly from 
fuels such as hydrogen or natural gas. Instead 
of burning the fuel to make steam. which is 
then used to drive generators. they convert the 
fuel directly to electricity. As a result. they can 
be up to three times as efficient as ‘normal’ 
systems. Until recently. however. there have 
been many technical problems which pre- 
vented them from being easy to make. 


Fuel cells powered the Apollo landing capuli 


Shocking discovery TN 

Fuel cells are not a new idea. Sir William 
Grove gave himselfa nasty electric shock Sr 
he first discovered them, in 1839. But the idea 
did not really catch on — there was a gap of ont 
hundred and twenty years before send 
Bacon in 1959, made a cell powerful enous 
to work a fork-lift truck. Ten years after bat 
in 1969, they played a vital part in getting 
Apollo astronauts to the moon. By 1989. they 


PON : . the 
may be providing heat and light in most of u 
homes in Britain. 


Redox reaction at heart of fuel cell " 
When hydrogen burns, there is a nedos 
reaction: the hydrogen is oxidized it gives pa 
electrons to the oxygen) and the oxygen J 
reduced it accepts the electrons from the 
hydrogen). In order to do this in a fuel cell. 
the electrons are forced to tr 


f de 
avel via an out! 
circuit. 


cathode 


anode 


Š one re cell is shown in the diagram. 
porous — i athode are made of a special 
allows xis ap which conducts electricity. 
electrolyte i go through it, and allows the 
anode and 5 it a little way. The 
Outside Weg are connected through an 

al circuit. Hydrogen gas is 
0 the anode, and oxygen into the 
n this is done, things start to 


Ons 0 

ne way 
electron 

t the anode s the other 


e » the hydrogen splits up to form 


2 nx 
^ 
4 


s and the electrons go through 
oe s the a to the cathode. At the 

ions oxygen takes them in and forms 
electro], ^ Which also drift out into the 
lone yte, 


At the centre, the H^ and 02 


Meet, to 


m ak 


x instantane . f — 
Th ing spa taneously form water, 
„ ere ie. 


a ce which more ions want to fill. 

ions; sucti r ; 
Ons in ot 3 effect, which pulls more 
ü 50 it iie dei they meet, form water. 
le » es on. All the time this happens. 
Othe. TOns are go} à . 
going round the outside in 


r Wor, 
Ce rds, there 5. 4 ; ; 
an be Used | here is an electric current, which 


© firs 
lig Pawe — that Bacon made was 
able u ; oma cn to work an ordinary 
(iss to make ine some years before he was 
tiga Work - with sufficient power to do 
its all i tis first working fuel cell was 
Power. a fork-lift truck, to demonstrate 

b ft y; 
ret ee until the Apollo spacecraft 
hydr Cells Wars research started in earnest. 
for Sen and © designed to work off the 
PO oxygen that the spacecraft used 
| Eventually cells were designed 
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which made enough electricity to drive all the 
spacecraft systems, and enough ‘waste’ water 
to provide the crew with drinking water! 


Spare scientists get to work 
These cells were much too expensive for every- 
day use. When the Apollo programme finished, 
there were a lot of spare scientists without 
enough to do. So they set about trying to find 
everyday applications of fuel cell technology. 
And on the whole, they failed. Fuel cells 
could be made, but they were always too 
expensive, and often contained highly ex- 
plosive fuels. Their problems have not yet 
been solved — but there is hope. In 1969, the 
first fuel cell car was built. It had both fuel 
cells, and ordinary batteries built into it — it 
had a maximum speed of 80 k.p.h.. and could 
travel 320 km before re-fuelling was necessary. 
The possibility of fuel cells for domestic 
electricity supply is even more hopeful. A 
number of American companies are now work- 
ing hard to develop a fuel cell for use inside the 
home which will run off natural gas, or coal. 
If these can be made safely, they will produce 
both electricity and heat for the home. With 
this very efficient system it may be possible to 
reduce the amount of fuel needed to one-third 
of that which is necessary today. Instead of 
needing huge, inefficient power stations and 
ugly electricity pylons, all that would be 
needed is a normal gas pipe connection to each 
home. The system would be non-polluting. 
and very quiet. Because they are so efficient, 
it is quite possible that they would be the 
cheapest way to make electricity cheaper 
even than nuclear power. Is this fuel for 


thought? 


|» (ATE 79E 


A fuel-cell pou ered car. 


Hard sell 
for fuel cells 


There hay been a lot of talk about *the energy 
crisis in the last few years. Some people 
believe that the crisis is one of the efficiency with 
which fuels are used. rather than the amount 
of fuel available. The following article tells 
vou about ane such group. 


Thirty-two American companies are trying to 
get the American government to give them 
money to help them develop fuel cells which 
they claim, will make the power stations which 
we need today completely unnecessary. 

Fuel cells make electricity directly from 
fuels such as hydrogen or natural gas. Instead 
of burning the fuel to make steam. which is 
then used to drive generators. they convert the 
fuel directly to electricity. Asa result. they can 
be up to three times as efficient as ‘normal’ 
systems. Until recently. however. there have 
been mans technical problems which pre- 
vented them from being easy to make. 


Fuel cells powered the Apollo landing capu: 


Shocking discovery — 
Fuel cells are not a new idea. Sir Willian 
Grove gave himselfa nasty electric shock whet 
he first discovered them, in 1839. But the ide 
did not really catch on there was a gap ol 1 
hundred and twenty years before pet 
Bacon in 1959, made a cell powerful enoug 


^N 
Apollo astronauts to the moon. By 1989. the? 


m P P h 
may be providing heat and light in most oft 
homes in Britain . . . 


Redox reaction at heart of fuel cell 8 
When hydrogen burns, there is a redo? 
reaction: the hydrogen is oxidized it give P 
electrons to the oxygen) and the oxygen ; 
reduced (it accepts the electrons from e 
hydrogen). In order to do this in a fuel ce 


= E 
the electrons are forced to travel via an out 
circuit. 


P 


anode cathode 


which made enough electricity 
spacecralt systems, and enou e: hse ug T 
to provide the crew with die, ete 1 


i H * . 
drinking "m wetter 


Spare scientists get to work 
These cells were much too expensive for every- 
day use. When the Apollo programme finished, 
there were a lot of spare scientists without 
enough to do. So they set about trying to find 
everyday applications of fuel cell technology. 
And on the whole, they failed. Fuel cells 
could be made, but they were always too 
expensive, and often contained highly ex- 
plosive fuels. Their problems have not yet 
been solved - but there is hope. In 1969, the 
first fuel cell car was built. It had both fuel 
cells, and ordinary batteries built into it it 
had a maximum speed of 80 k.p.h.. and could 
travel 320 km before re-fuelling was necessary. 
electrolyte cub a. fille n. "die The possibility of fuel cells for domestic 
anode ml — ee abes es "e electricity: supply is even more hopeful. A 
Outside S desea 198 x En b e ds number of American companies are now work- 
Pumped een , SA 1 eens i a dine ing hard to develop a fuel cell for use inside the 
Cathode Wh a cO med p aan ies " home which will run off natural gas, or coal. 
happen nen this is done, things ste If these can be made safely, they will produce 
te both electricity and heat for the home. With 
this very efficient system it may be possible to 
reduce the amount of fuel needed to one-third 
of that which is necessary today. Instead of 
needing huge, inefficient power stations and 
ugly electricity pylons, all that would be 
needed is a normal gas pipe connection to each 
home. The system would be non-polluting. 
and very quiet. Because they are so efficient, 
it is quite possible that they would be the 


A simple fuel cell is shown in the diagram. 

* anode and cathode are made of a special 
Porous material which conducts electricity, 
allows gas to go through it, and allows the 


ay, electrons the other 

anode, the hydrogen splits up to form 

e des and H* ions. The ions drift out into 

the Gan and the electrons go through 

cathode, th round to the cathode. At the 
3- e, the oxygen takes them in and forms 

Sisi im which also drift out into the 


longs lyte, At the centre, the H^ and O77 
"S meet, 


Makin to instantaneously form water, cheapest way to make electricity cheaper 
They a vate which more 1008 want to fill. even than nuclear power. Is this fuel for 
long inte suction effect, which pulls more thought? 

and so it € centre , . . they meet, form water, 

the elec Sees on. All the time this happens. 

Other trons are going round the outside in 
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1 fuel-cell powered car. 


Questions 


Chemistry matters 


F sis circuit containing 
1 Draw a labelled diagram of an electrolysis circuit is cie 
p e " e and à 
a bulb, a switch, a four-celled battery, a carbon cathoc 
a à a 
copper anode, and a beaker of an electrolyte. 


i i ENG "tors, non- 
2 Turn the following list, into groups of: conduc 1 en 
S 3 lax. ethz 5 
conductors, electrolytes, and non-electrolytes. Wax, rape i " me 
chloride solution, sugar solution, steel, plastic, brass, dilute hy 


A : 3 in. lead 
chloric acid, wood, sodium, naphthalene solution, molte 
chloride. 


3 Three electrolysis cells were set up like this: 


11 


The bulb connected to cell 1 
appeared on both electrodes. 

The bulb connected to ce 
of gas were seen, 


; ; ^s of ga? 
glowed dimly, and a few bubbles 


bles 
ll 2 did not glow at all, and no bubb 


The bulb connected to cel] 3 glowed brightly, and bubbles, 
Sas appeared on the anode, The cathode was seen to be coated W! 
a brown solid. d 
Suggest wh m 
explain your re 


f 
0 


at liquids might have be 

asons. 

4 What does the term clectroly s mean? 
Draw the apparatus you would 

magnesium chloride, What would be the 


ag | an 
Write down the two electrode reactions and say which of them is 
oxidation and which of them is a reduction, 


i t 
What would the electrodes be made of. and why?. Why couldn 
the anode be made of aluminium? 


en in each of the cells. 


en 
r lte! 
use to electrolysc a ee 
products of this electrol) 


5 Draw the apparatus th 
plate a steel pen nib, What 
lytes would you put in the 
to the steel nib before st 


at you would use 
electrodes wo 
electro] 

arting the pl 


old 
if you wanted to a 
uld you use? What ele¢ 


ld vou € 
s cell, and what would | 
ating? 
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6 Look at these diagrams: 


| 
ajn} aja 


© © 


| |... silver electrodes 


—' ... dilute sulphuric —— 
acid 


Which bulb will burn brighter? Why? 


dilute 

Sulphuric 

acid 7 A cardboard wrapped battery (not the metal covered sort), 
time after it has gone flat. 


will ooze a white paste if it is left for a long 
If the battery is in something made from iron, the paste will quickly 
make it rust. What is the paste, and why has it leaked out? Why does 
the metal container rust? (You may need to refer to other chapters. | 


8 Describe the advantage which an accumulator cell has over an 


ordinary dry cell. 

An accumulator battery is used in a car. Under normal con- 
ditions the battery does not go flat, even over a period of several 
years, Why? What sort of conditions will make it go flat quickly? 
Explain. 

The electrolyte in an accumulator cell is dilute sulphuric acid. 
but when it is topped up. only distilled water is used. Why does only 


water have to be added? Can you think why the water must be 


distilled? 
d Hoffmann designed the apparatus shown 
tids. Describe what you think will 


d to the battery. Explain 
t the 


9 ^ scientist calle 
here for the electrolysis of liqu 
ctrodes are connecte 


happen when the cle 
on inside the dilute sulphuric acid, anda 


what would be going 
electrodes. 


platinum electrodes 


18 Metals and non-metals 


el aw Seer ir I two 
zx that Elements are either metals or non-metals, and they icu d ^" 
periodic table halves of the periodic table. Figure 1 shows where the border 
again 
non-metals He 
— 
H 
Ne 
Li Be metals 
Ar 
Na Mg 
Kr 
K Ca Sc Ti V Cr Mn Fe Co Ni Cu 
Xe 
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag 
Rn 
Cs Ba La Hf Ta W Re Os ir Pt Au 


Figure 1 Metals and non-metals. 


You can see that the majority of the elements are metals, and veri 
are all solids at room temperature, except mercury. The a 
are all gases or solids at room temperature with one eee 
There is one liquid non-metal bromine. This means that there 2 
only two liquid elements in all. 
The periodic table can be written in 
or not the best known elements form 


; whether 
another way to show whe 


ions. (Sec figure 2.) 


H* He 
U. Be B C N o" r Ne 
Na* Mg 


A* si p s* cr Ar 


K+ ca se’ ri^ v" ci mE FÉ ce wx ck oz is Be Of 
i + " e 

m» St Ag* sh t X 
" 80 . 

Cs* Bå Au Hj pg Rn 


Figure 2 Some elements and their ions. 


18.2 
What are 
metals? 
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Notice that the metals form positive ions, and the non-metals (if thev 
form ions! form negative ones. The majority of metallic compounds 
are ionic. Some non-metallic compounds are ionic, and some are 
covalent. 


If you were to ask a non-chemist what a metal was, he would 
probably tell you that it was a strong, heavy, shiny solid which was 
hard. and that it would be a good conductor of heat and electricity. 
He might add that if you were to hit it, it would clang, and that it 
was strong enough to be cut and moulded into all sorts of shapes and 
SIZCS. 

That is certainly true of many metals. They are generally shiny 
although they may become corroded. Many 
of them have a high density, and they make a noise when they are hit 
(they are said to be sonorous). Many metals can be hammered out 
flat (they are said to be malleable) and may be drawn into wires (they 
are said to be ductile). But this isn't true of all metals. Sodium is 
lighter than water, and can be cut with a knife. Potassium and 
lithium are very similar to sodium: magnesium and calcium are also 
lightweight metals. 

To get a true picture of what a m 
s to the physical ones 


when they are polished 


etal is, we must add some 


chemical propertie already described. 


Metals react with air or oxygen. They form basic oxides. 
For example: 


copper +oxygen — copper II) oxide. 


2Cu(s) + O2(g) —— 2CuO!s!. 


Metals react with acids. They form a salt plus hydrogen. 


For example: 


:drochloric magnesium FU 
asien an : — chlorid 4- hydrogen. 
! acid dilute chloride 


Mg(s) + 2HCliaq) ~~ MgCl, (aq) + Hag). 


Metals are reducing agents. In any reaction of the above 
trons to 


p sitive i ives out elec 
two types, the metal forms a positive 10n and gives ou 


the substance with which it is reacting: 


Mg — Ng? Te. 
are reducing agents. 


Because of this we say that metals 


246 


18.3 
Metallic 


structure 


Figure 3a 
The arrangement of 
atoms in a metal. 


18,4 
What are 
non- metals? 


Chemistry matters 


Two properties that have not yet been discussed are the 3 
and thermal conductivity of metals. They are good conductors of 
heat and electricity. We can understand this a little more casily if 
we look at the structure of metals. i 

The atoms in a piece of metal are closely packed together in a 
regular way. This is shown in figure 3a. 


3b 
Tin crystals. 


In other words, metals contain a lattice of atoms — so it is not sur- 
prising that metals form crystals. You can sometimes see these 
crystals on the inside of a tin can. The metal there is tin, which has 
been thinly coated onto the steel can. (See figure 3b.) f . 

When the metal atoms are packed tightly together in this d 
the outside shell electrons from each atom become detached pos 
form a ‘sea’ of electrons on the surface of the metal. Since electricity 
is just a flow of electrons along a wire, this ‘sea’ of electrons enables 
the metals to conduct electricity well. . 

The atoms of a metal vibrate. This means that heat energy 
can be passed through a piece of metal as the vibration energy 
passes from atom to atom. Metals conduct heat well. 


Physically, the non-metals are the opposites of metals. i 

Solid non-metal elements do not clang when they are hit. If they 
are stretched or hammered, they break or shatter. 

For example, sulphur is a weak, brittle solid, and carbon (in the 
form of graphite) is very soft. 

Non-metals are not sonorous, 
weak and they do not conduct heat 
one exception to this last 
conductor of electricity, 
of metals chemically. Í 


malleable or ductile; they ale 
or electricity at all well. There i 
Property, however graphite is a 8000 
In addition, non-metals are the opposite 


Non-metals burn in air or oxygen. They form acidic oxides: 
For example: 


sulphur + oxygen — sulphur dioxide. 


S(s) + Oig) — SO,(g). 
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Non-metals are oxidising agents. Whenever non-metals do 
react to form ions, they form negative ones. They take in electrons 
from the substance they are reacting with. For example: 


Sas — d$. 


Non-metals are said to be oxidising agents because of this. 


Non-metals have no reaction with dilute acids. Carbon or 


sulphur, for example. will not react with any dilute acid. 


18.5 
No 
n-m " . . 0. . . 
ina Non-metals can be either gases, liquids or solids. Typical gases are 
Re oxygen (O3), nitrogen (N3). chlorine (Cl;) and hydrogen (H3). 
They arc all in pairs of atoms - they are diatomic molecules. 
Sulphur (Sg). phosphorus ( P4) and bromine Bra are amongst 
the solids and liquids made up from molecules of various sizes. 
Graphite and diamond are both solids which form giant structures. 
Theoretically, there is no limit on their size. [l| 
Non metals except for graphite do not conduct electricity. There 
is no ‘sea’ of electrons to carry the current since they are tightly 
bonded. 
Metal . 
—— You can see that the properties of metals are very different to those 
as diea of non-metals. Figure 4 compares some of the physical and chemical 
a À 8 
Ty properties of metals and non-metals. 
Pro, 
Per 
= = metals non-metals 
dabil; - — w di 
1 . . 
Dori Ny ductile and malleable the solids are brittle 
Tit . 
ele ý ‘clang’ no ‘clang 
Ctrica ang 
ther al anq ; low 
al Cond high 
orrog uctivity 
abili " 
Tea Sy frequently corroded do not corrode 


n form basic oxides form acidic oxide 


form salts + hydrogen no reaction 


itive 1 ative ions 
positive ions negati) i 
or no ions at à 


reducing agent oxidising agent 
5*5 


$ 
he pr operties of metals and non-metals : 


a summary. 
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18.7 
The Activity 
Series 


Figure 5 

The Activity Series. 

18.8 

The reactions 

of metals with 
oxygen 


Figure 6 

The Activity Series 
and reactivity of the 
common metals 


Chemistry matters 


i i i d order of their 

In simple terms, this is a list of common metals in the order of t : 

3 . 2 B dier as cui 

activity with such things air, water and dilute acids. € a 

rectly, it is a list of the metals in the order of case with which 0 
E 28 HES ^ esie Se g m 
form ions. The Activity Series for the common metals is show! 

figure 5. 


metal tendency to ionize 

potassium Metals at the top of the series form 
calcium positive ions very readily. 

sodium 

magnesium 

aluminium 

zinc 

iron 

tin . 7 
lead Hydrogen is put in here asa iow t 
hydrogen — point, for the reaction of metals w! 
copper acids and water. 

mercury — 
silver Metals at the bottom are reluctant 
gold 


form ions. 


Many different chemical reactions can be explained by referring © 
this series. The vigour of the reaction with oxygen depends upon ; 
position of the metal in the Activity Series. The metals at the ne 
react most vigorously because they form ions most readily. Figure 


à . 7 B ; account 
£ives a summary of these reactions. You will find a detailed acc 


^ A r 10. 
of how metals (and non-metals react with oxygen in chapter 10 


metal vigour of reaction nature of the oxide ter 
and solubility in Wa 

potassium These metals burn very Oxides are soluble 

calcium brightly after melting. and their solutions 

sodium are alkaline. 

magnesium Oxide slightly soluble: 

aluminium These metals will burn when 

zinc powdered, the flames getting 

Iron i 


less bright down the Series. : re 
i bru Vhese oxides arc 
lead These metals do not catch 101 aab. 
fire, but become coated 
with layers of oxide, 


copper 
merce ury 


silver These 
gold 


metals do not react. 


ee 
a —j—j— - 
Uuu————— 
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Reactions of 
Metals with 
water 


ium 


calcium 
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Remember that metal oxides are basic oxides. 
Basic oxides react with acids to form a salt plus hydrogen. 
Soluble basic oxides are called alkalis. 


Once again, the vigour of this reaction depends upon the position 


of the metal in the Activity Series. In other words, upon how easily 


the metal forms ions. 


Figure 7 on this page and the next summarises the reactions of 


metals with water. 


description of the reaction equation 


As soon as a piece of potassium is 
put on water it melts, rushes around : 

on the surface, getting smaller as it. 2K( 42H00 — 
reacts. The heat of the reaction sets H, (g) +2KOH (aq). 
fire to the hydrogen which is 
evolved. It burns with a lilac flame. 
After a few seconds, the potassium 
has gone, and an alkaline solution 
of potassium hydroxide is left. 


Sodium reacts in a similar way to 
potassium, It melts and rushes 


around on the surface of the water EN 
z afia op T 
but the reaction is not hot enough a(s) +22 


to ignite the hydrogen. The sodium H,(g) + 2NaOHiaq . 
reacts with the water, leaving a 
solution of sodium hydroxide. 


Although calcium comes higher in 


the Series than sodium, its reaction 

with water is less vigorous. because O— 

the calcium hydroxide that Is Cats) t ZH3 

lormed is not very soluble. It forms Hig 4: Ca(OH !2(aq) 
à protective coating on the calcium 

which slows the reaction down. The 

bubbles. but does not 


calcium sinks, 
melt. The solution goes cloudy 


because of the insoluble alkali. continued overleaf 
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metal 


description of the reaction equation 


magnesium 


Magnesium ribbon hardly reacts 

with cold water at all. One or two 

bubbles may form on the surface, 

but you would have to wait several 

days to collect a test tube of Mg(s) +2H,O(1) — 
hydrogen using the apparatus Mg(OH), (s) + H(g)- 
shown in figure 8a. 

The reaction is a little quicker 

with hot water, but becomes very 

vigorous if steam is used. 

Figure 8b shows the apparatus 

that could be used. The magnesium 

glows very brightly as it reacts 

with the steam, and white 

magnesium oxide is formed. The Mg(s) +H,O(g) — f 
hydrogen which is formed is often MgO (s) + H2(8) 
ignited by the heat of the reaction. 


aluminium 


Aluminium will react with steam 
in the apparatus described in 2Al(s) -3H5O(g) —? 
figure 8b, but the reaction is much Al,O3(s) + 3H2(8): 
less vigorous than that with 


magnesium. 


zinc 


Zinc reacts with steam in the 
apparatus shown in figure 8b, but 


the reaction is even less vigorous Znis)+H,0(g) —7 
than that with aluminium, 


ZnO (s) + H2(8) 


Although iron rusts, its reaction 
with water alone is very slow. It 
will just react with steam, but a 3Fe(s)--4H5O(g) — 
very high temperature is needed. 


tin 


lead 


1 res O) +4H2(8): 
The reaction of these elements with 

steam is very, very slow, but they 

eventually ſorm a coating of the 

metal oxide. 


hydrogen 


5. H = B H M : /] Is 
At this point, hydrogen is put into the Series as a reference. Meta 
below hydrogen do not react with water or steam at all. 


Figure 7 Reactions of metals with water. 
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Magnesium ribbon 


Figure 8a 
eacting 


18.10 


r duction 
ĉactions 


magnesi ] 
gnesium with cold water. 
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-hydrogen 


— water 


mineral wool 
soaked in 
water 

filter 

funnel 


A 
^ ^ hydrogen burning 
here as it 
emerges 


——-magnesium ribbon 


a heat here until magnesium just melts 


2 
heat here to produce steam 


8b 


The Activity Series can also be used to predi 
using hydrogen, 


a metal can be reduced, 


monoxide as reducing agents. Figure 
see that hydrogen is not as good as t 
r the reduction. 


lower the metal, the easie 


Reacting magnesium with steam. 


ct how well the oxide of 
carbon and carbon 
9 shows the details. You will 
he other two. In all cases, the 


hydrogen 


Hydrogen will reduce the 
oxides of metals below this line. 
For example: 
Fe,O3(s) +3H2(g) — 

2Fe(s) +3H,O\(g)- 
This needs a high temperature. 
CuO(s)+H(g) —? 

Cu(s) + H20(8)- 


This needs a lower temperature. 


carbon and carbon monoxide 


and carbon monoxide 


Carbon 
metals 


will reduce the oxides of 
below this line. For example: 
9ZnO(s) + Cis) — ^? 

2Zn(s) +CO2\g)- 
This needs a higher tem- 
perature than: 
2PbO(s) + Cs — 

2Pb(s) + CO2(8)- 


As an example of carbon 
monoxide as à reducing agent: 


ZnO()4 CO(g = 
Zn(b + CO;(g). 


Re 1 
duction of metals. 


252 


18.11 
Reduction of 
one metal 
oxide by 
another metal 


Figure 10 
The Thermit 
process. 
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One metal will reduce the oxide of any metal which is lower — 
itself in the Activity Series. For example: if iron powder is sot ne 
with copper II oxide powder. and the mixture is heated. 
reduces the copper(II) oxide to copper. and iron III oxide is fo 


f Dh ixture 
Itis an exothermic reaction, and a glow spreads through the mi 
once it has started: 


2Fe(s) -3CuO(s) —9 Fe40,ís) 4- 3Cuís). 


A š . 38 P st Mariri Series 
The reaction takes place because iron is higher in the Activity i 
iu will f endily th 0 ^ 
and that means that it will form ions more readily than € qe 
5 : ; 5 d n 
Consequently, the iron forms ions, and the copper ions tu! 
copper atoms. "m 
^ : UN DAS ~ equatio 
This is an example of a redox reaction. Splitting the equ 
into two halves we have: 


— — oxidation) 
2Fe — 2Fe?* 46e loss of electrons = oxidati 


"C -eduction)+ 
3Cu?* +6e7 —> 3Cu gain of electrons = reducto 


e 
If the reducing metal is high in the Activity Series, then th 
reaction is very exothermic. "I 
For example, if magnesium powder is heated with coppe! 
oxide powder, the reaction goes off with an explosive flash: 


Mg(s) +CuO(s) — MgO(s) + Cu(s). 


Reactions of this sort have bee 


e metals 
chromium and m 


n used to extract the n jum 
anganese, by heating their ores with alumini" 
powder. The method was known as the 
of trams, and before efficient we 
welded together by a simil 
with iron(II) 
gap in the line 


days 
Thermit process. In the wee 
Iding apparatus, tram lines € 
ar process. Aluminium powder was 95 
oxide, and a pile of the mixture was made oven mic 
s. The reaction was started. and it was so exother 


on 
à ds yas; left i9 
that after the sparks had cleared, a solid lump of iron was le 

the gap: 


ixe 
the 


2Al(s) ＋Fez03“s) —> Al,O 


3(5) +2Fe(s). 


apparatus that was used. 


Figure 10 shows the 


18.12 
Reactions of 
metals with 
dilute acids 
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Once again, the vigour of the reaction of metals with all dilute acids 
except nitric acid depends upon the position of the metal in the 
Activity Series. Figure 11 sums up the information, using hydro- 
chloric acid as an example. But remember that nitric acid does not 
react the same way as other acids, and that potassium, calcium and 
sodium are dangerously reactive with all acids. 


meta] 

— — 
Potassium 
Calcium 
Sodium 
Magnesium 
aluminium 
zinc 

iron 

lead 


hydrogen 


All these metals react with acid 
to form a salt plus hydrogen. 
The ones at the top react 
violently but the vigour of the 
reactions decreases as you go 
down the Series. 

The reaction with lead is very 
slow. 


Metals below this point have no reactio 


description of reaction equation 


2K +2HCl —> 2?KCI +H, 
Ca+2HCl —> CaCl, +H, 
2Na+2HC] —> 2NaCl+H, 
Mg +2HC] — MgCl, +H, 
2AI--6HCI — 2AICI; +3H2 
Zn42HCl — ZnCl, * H; 
Fe--2HCl — FeCl, +H 
Pb42HCl — PbCl; +H, 


n at all with dilute acids. 


Figure 11 


T 
Mà SPlacemen, 
actions t 


Reactions of metals with dilute hydrochloric acid. 


Another type of redox —— is ae aac reaction which 
has already overed in chapter /. u . 

` e displace a metal lower in the ieri d . 
a solution of one of the lower metal's salts. For examp em ds ele 
magnesium ribbon is placed in a solution of copper eu 
a black coating of copper forms on the surface of the : pm 
and the blue colour of the solution fades, as magnesiu p 


is formed: 
Mg(s) + CuSO4 (aq) 


Magnesium is higher int 
and the copper ions turn into atoms: 
It is a redox reaction: 


—> MgSOA(aq) + Cu(s). 


he Series than copper, 50 it forms the ions, 


J ( trons — oxidation) 
Mg —> Mg?* +2e (loss of elec 


—— rons — reduction 
Gu? +2e Cu 


(gainofelect 
silver nitrate, silver 


in a solution of a 
aan oil: 


n to grow on the copper € 


4 Cu(NO3)2(@4)- 


If a coil of copper wire is placec 
crystals of silver metal soon begi 


Cu(s) +2AgNO3(aq) —~ 2Agís) 


254 


18.14 . 
How long will 
metals last? 


18.15 
Extraction of 
metals from 
their ores 


Chemistry matters 


i i ati and 
Most metals, except for very unreactive ones like gold, nd ee 
silver exist in the top 20 km or so of the Earth's structure, ca 


3 ^ in the 
crust. The pie chart below shows the main elements present 
crust as ores. 


Al 8.1% 
Mg 2.0% 


Ti 0.44% 

Na 2.8% H ee 
rm) P 0.12% 

— Mn 0.10% 
Ca 3.6% C 0.10% 
all the rest 


9 
Fe 5.0% (including Cu, Pb, Zn) ane 


Whilst there is a lot of aluminium and iron, there is a surprising 
small amount of quite common metals such as copper, "X In 
nickel, and chromium that we take for granted in everyday li n 
fact, these metals are being used up very quickly indeed. Each ur 
we use about | million tonnes of copper, zinc, nickel, and alaman ws 
and almost 100 million tonnes of iron. Metals like copper are e ote 
scarce that in some copper mines in the USA, only 1% of th 
contains copper. 99%% is just rock! "LU 
It has been predicted that if we go on using raw materials su 
metals at our present rate, we shall have run out of: 
iron by the year 2500 
aluminium, nickel, and ma 
copper by 2000 


zinc, tin, and lead even before then. 
How old will you be then? 


gnesium by 2100 


^ re 
; ! . 5 0 
Once again, the way in which a metal is extracted from it 
depends upon th iti 


i : : j mag 
: potassium, calcium, sodium, : 
neslum and aluminium have to be extracted from their molte 

by electrolysis, 


; b from 
Less reactive metals like zinc and iron can be extracted 
their ore 


s by reduction with carbon monoxide or carbon. 
€ least reactive metals 


— M 
For example 72+ He — 7n 
This is gain of electrons reduction 


18.16 
Copper 


Fi 
ees 


e y 
Cop Purification of 


t by electroly, 


sis, 


no 
or 
C 
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The main ore of copper is a sulphide which has the formula CuFeS;. 
It is mined mainly in Zambia and Canada. 7 

First the ore is crushed and the powder is added to a vat of oily, 
frothy water which is being constantly stirred. The ore floats on the 
froth while the impurities of stones and sand sink to the bottom. 


This technique is known as froth flotation. 
The purified ore is dried and roasted in air in a furnace. Lime- 


stone is added. Several complicated reactions take place, but overall, 
the iron part of the ore reacts with silica in the brick lining of the 


furnace and forms a slag: 

FeO(s) - SiO;(s) — FeSiO; (I). 

The copper sulphide part of the ore is burnt to form sulphur dioxide 
and copper: 

CuS(s) -O5(g) — SO;(g) * Cu(l). 

The impure, molten copper is run off into moulds and is purified 


by electrolysis. m 
Platesofimpure copper are put into tanks ofacidified copper II) 
sulphate solution alongside other plates of pure copper. The impure 
copper is connected to the positive electricity supply, and the pure 
copper is connected to the negative electricity supply. (See figure 13. 


" . positive 
egative electrode 
electrode (anode) 
(cathode) 


acidified copper 
sulphate solution 


tank 


impurities 


When the electricity is switched on, the impure coppe! 


dissolves: 

Cu(s) —> Cu?*(aq)+2e - . 
The impurities from the copper form a sludge at the bottom. ine 
tank. This is very valuable because it contains small quantities 
silver and gold. l 


= 1 co er, 
At the cathode, copper ions are deposited as pure copp 


» gets thi nd thinner. 
making it thicker and thicker, as the anode gets bind iion 
Copper is becoming an increasingly expensive , 


JUPE " for wires in 
- i -icity it is used 
it is s i snductor of electricity : " 
is such a good cc " ter piping is becoming less common. 


electrical cables, but its use in wa 
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18.17 . 2 
Iron and steel The main ores of iron are: 
magnetite Fes, 
haematite Fe, 0; 
and siderite FeCO; 


Although this country has some iron ore. it is of rather poor quality 
so we importa lot of high quality ore from Sweden. rhe 

The iron ore is reduced in a blast furnace. See figure | L f e 
blast furnace is about 30 metres high and is made of steel. It is line 
with fireproof bricks on the inside. 


the charge 
| 


waste gases waste gases 


e l 
po, 
Fi 
L [ 
mi [S 
Stege! 
hot air in h^ £ " hot air in 


a f 
molten slag molten iron 
tap hole 


~ tap hole 


Figure 14 


A mixture of the ore h 
A blast furnace, 


and coke speci 
top of the furna 
charge. 


3 5 : ur rate 
aematite, limestone calcium carbo! rhe 
ally prepared from hi 


: à ina 
gh quality coal is put in p che 
ice by means of 


Wig a " » ` v 

a hopper, This mixture is call 
Hot air is blown 
pipes. In the 
the air to forr 


in through the 
lower part of the furn 
n carbon dioxide: 


h 
. " roug 
base of the furnace thr 40 N 
Y J^ 
ace. at Stage L the coke but 


Cis *O,g —> CO; R 
This is an exothermic 
the furnace can be as high as | 900 (€: 


As the carbon dioxide 
carbon reduces it to c 


1 0 
— i part 
reaction and the temperature at this p 


re 
s mie 
moves up through the furnace: 


nonoxide: 
— SC, gi. 


arbon r 
CO, gi Cs 


ND 
or 
ES] 


Metals and non-metals 


This reaction is endothermic, so at Stage 2, the temperature has 
fallen to about 1100 C. 
At Stage 3, the carbon monoxide reduces the iron ore to form 


iron and carbon dioxide: 
Fe,03(s) +3CO(g) — 2Fe(l) - 3CO;(g). 


The temperature of this reaction is about 600°C. The waste gases 
continue to rise through the furnace. They contain nitrogen (from 
the air), hydrogen (from reactions with any water), carbon monoxide, 
and carbon dioxide. They are very useful because after cleaning, 
there is enough hydrogen and carbon monoxide in the gas for it to 
be burned and used to heat the air which is pumped in through the 
pipes at the bottom of the furnace. As little as possible of the heat is 
wasted. The molten iron formed in the reduction of the iron ore 
trickles down to the bottom of the furnace. However, it is very 
impure, and contains quite large quantities of carbon and silica 


(sand), This is where the limestone is used. It has already decomposed 


in the hot part of the furnace to form calcium oxide and carbon 


dioxide: 
CaCO; (s) — CaO(s) +CO2(g)- 


The calcium oxide (a basic oxide) reacts with the silica (an acidic 


oxide) to form a salt called calcium silicate: 


CaQO\(s) +SiO3(s) —? 'aSiO4(l). 
silica 
alled slag. The slag runs 


n state and is € 
he surface of 


This salt is formed in a molte 
where it floats on t 


down to the bottom of the furnace 
the iron. 

When sufficient iron has been formed, both the slag and the iron 
are tapped off through separate holes. The slag, when solidified. is 
broken up and used for road making. The iron is run off into moulds 


to form ingots of cast iron. a i 
Cast iron is a very impure form of iron because it still contains 


up to 4% of cart This carbon makes the iron very brittle and 
} o of carbon. 


hard, so that it will snap when be hed. It is used to make 
objects which do not have to take great loads, but which need to be 
cheaply cast into exact shapes. Two examples of the use of cast 1ron 
is for the manufacture of bunsen burner bases, and for car engine 


blocks. 
Some cast iron is made into wrough 


"puddling'. The cast iron is partly melted, 
some of the carbon is oxidised out of the me 
squeezed, hammered, and thumped between giant rollers and 
mers so that the remaining carbon is literally squeezed to ^ — — 
and ejected as scale. Wrought iron is much softer and ed x eed 
and bent without danger of breaking. ]t is used to - e ‘chain, 
bolts and ornamental metalwork, such as garden gates. — 
The majority of cast iron is turned into steel. To make steel. a 


j P iron first. 
the impurities have to be removed from the iron 


nt or stretc 


t iron, in a process called 
and then is stirred, so that 
tal. Then the hot iron 15 
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18.18 
Aluminium 


Figure 15 
The cell for the 
production of 
aluminium. 
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In the Linz-Donawitz process, up to 300 tonnes of iron at a ice 
are melted in big brick lined vats called converters, Oxygen unae 
high pressure is then blown onto the surface of the iron and calcium 
oxide is added along with a large quantity of scrap iron. 

The converter rotates as the oxygen is blown in, for about an 
hour. During this time, the impurities of carbon and phosphono 
which are still in the iron are blown out as gaseous oxides. The pud 
impurity, silica, reacts with the calcium oxide and forms slag, 5 i 
is skimmed off. Finally, the process is carefully controlled so tha 
only a small but exact amount of carbon is left. It is now steel. d 

Very hard steel, such as that used for making tools like files an 
drills, contains between 0-7 and 1-5% of carbon. f 

Other steels, which are softer, contain smaller amounts o 
carbon down to about 0:2*,. uz Bened 

In addition, other metals can be put into the steel while it is 
the converter to make different types of steel: 

Armour plated steel contains manganese. 
Tool steel contains tungsten. 

Ball bearing steel contains chromium. 
Stainless steel contains chromium and nickel. 
Magnet steel contains cobalt. 


; ; T. sis, The 
Like sodium, aluminium is extracted from its ore by electrolysis. 2m 
ore is bauxite (Al,O3.2H,O). Bauxite has a very high melting PO 


. B " H o 
So it is first dissolved in molten cryolite, (Na4 Al Fe), another n 
aluminium. The cryolite acts as a solvent so that the ions 15 
bauxite may be set free. The electrolysis cell is shown in figure ne: 


— — — graphite 
dnodé (+) 


— — molten, 
aluminium 


1119 e {ONS 
d on, the positive ce 
c. Here they are turned into alum! 


Al“ +36 — AI. 


18.20 
Alloys 
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The molten aluminium collects at the bottom of the cell and is 
tapped off. The negative oxygen ions are attracted towards the 
positive anode where they turn into oxygen molecules: 


D 2- - 
20S- —— 21,1095: 48. 
Aluminium is a very important metal. It is used in the manu- 


facture of aeroplanes, trains and buses, electric cables, cooking foil — 
any application where a lightweight metal is needed. 


e metals are often soft and easily 
lar arrangement of atoms 
ers of atoms to slide over each other. 


Alloys are mixtures of metals. Pur 
bent or distorted. This is because the regu 
in a metal can allow the lay 
(See figure 17.) 


Sometimes this is a useful property: It enables gold to be parte 
thin foil, and copper to be drawn into wires. However, it sib 
a great disadvantage if you wanted to build a bridge or an €: 4 

In an alloy, a carefully calculated amount of another e uis ; 
usually a metal, is added so that these new atoms forma oe pers 
for the pure metals’ structure, making it stronger an 19 e E 
distorted. Too much can destroy the crystal structure of the me 
and make it even weaker. 

5 examples of alloys in everyday use. 
figure 18.) 
Sometimes an alloy will h 
of its components. One example 1$ 
is Woods metal. This is made of bismut e 
has a melting point of 71 C, so t will e 2: . 
in the newspaper industry 25 an easily melted tyP 


(See 


ting point than any 


le is solder. Another amazing example 
h, lead, tin and cadmium. It 
It was used 


ave a much lower mel 


260 


Chemistry matters 


ition 

alloy use compos a 
steel girders, bridges, etc. iron and about 1", sp 
solder used for ‘welding’ electrical wires equal amounts of lead a 

together. tin. poe 

B š " J inc. 

brass electrical connections and machine 60% copper and 40% 2 

bearings. siiis 
bronze machine parts. 90% copper and 10% un. 


cupronickel for 


8 a M 0 ickel. 
‘silver’ coins. 75% copper and 25% n 


constantan for electrical wires in thermocouples. copper and nickel. s - 
duralumin a light alloy for aircraft parts. 95% aluminium, 4 o cop 
and some magnesium, 
manganese, iron and silica. 
Figure 18 


18.21 
Corrosion 


Some common alloys and their uses and composition. 


New alloys are often made for specific purposes. When 1 — 
corde was first being designed, a new alloy had to be made that hat 
light, but which would withstand the very high temperatures k y. 
the outside of the aircraft would reach when flying supersom ge g. 
Recently, in 1976, a Russian pilot landed his Mig fighter in Jap by 
This was a new acroplane that had never been closely studie ha 
the Western countries and almost certainly the first thing 1 
Western scientists did was to e j 


: `, ;hich 
xamine the alloys from wl 
was made. 


Metals and alloys corrode, (although one property of an dm 
brass, may be that it is less e i ) 


A j 
» asily corroded than a pure metal ir an 
the noble metals such as silver and gold, will not corrode in a" 

water. : 


like 


nly 


A ER jp ol 
Lithium, sodium and potassium have to be kept unde! 
protect them from air an 


" 
| i : con 
d moisture. Nevertheless, they still be 
corroded very soon, i 
P 87 3 4 i a 
f agoel and calcium are usually covered with a thin oxide 
5 y bs 
E — 1 pink. new copper soon becomes brown as coppc! op x 
icai ink of newly minted pennies. In the open air, 191 á 
— " 1 à d 
overed roofs turn green because of the formation of verd! 
nate and copper sulphate. 
ee e n on metals is an advantage, becau* 
p Howev oe underneath once it has been formed. pt? 
owever, iron's form of c i i jer Heu 
7 € Orrosion rust is never 
as beneficial. 


nt 


mixture of copper carbo 


d H " pl 
Sometimes corrosio 


eit 


í 
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Rust. Rust forms whenever air and water attack iron together 
The rust eats into the metal and unless it is completely removed fram 
the iron it will go on developing, even below a layer of paint 
Figure 19 shows an experiment that may be performed to damus 
strate that both water and air are needed for rusting. 


calcium > 
oil 


— chloride 


l'est tube 1 contains an iron nail, open to the air and immersed in 

water. T . 

Waben. The nail will soon go rusty. 
Test tube 2 contains an iron nail in dry air. 


chloride removes any moisture. The nail does not 80 rusty. 
Test tube 3 contains air free. boiled water. The nail does not 
go rusty. 
p Test tube 4 contains an iro 
oil. The nail does not go rusty- 
. Both air and water are nee 
of these is excluded, the metal is 


The calcium 


n nail completely immersed in dry 


ded to make iron rust. If either one 


protected. 
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18.22 
Ways of 


protecting iron 


from rust 


Figure 20a 
A piece of galvanised iron is scratched. 


water 


Chemistry matters 


Paint the iron, or keep it coated in oil. ai clic 

railings have to be painted if they are to last. Machine par 

be painted, so they must be kept oily. prm 
Similarly iron or steel parts in instruments such 5 115 

typewriters have to be protected from damp mia They oo A 

painted or oiled, so very often, a small bag containing * igh 

water absorbing material, is put inside the instrument case. 


s : a bath 
Galvanising. Articles made of iron may be dipped pn a 
of molten zinc after they are made. This leaves a thin coating The 
on the surface of the iron. This process is called gaian MET 
zinc provides a protective coating. It will of course conoc idum 
but after an initial layer of zinc oxide has been formed. dr 10 at 
will stop. Paints containing zinc can be bought as MEE E 
on iron and steel before they are painted with ordinary paint. 


n iron could 
However, the zinc layers may be scratched, and the iror 
be exposed. (See figure 20a. 


rhubarb juice 


inc 


20b 
A tin can is damaged. 


End 
NC n dz P j it forms 10! 
Zinc is higher in the Activity Series than iron, so it forn 


n 
: : i ith water, $0 ? 
more readily. Also, the zinc and iron are in contact with water 
electrical cell is set u 


i s iron, 
p. The zinc reacts in preference to the if 
form zinc ions. The i 


ron does not react, thus remaining intact- 
Tinning. 

the can is coat 
by a plastic m 
(Remember 
acidi 


nm ms 
Tin cans are really made of steel. Only the ine. d 
ed with a thin layer of tin. This in turn, is often we all: 
aterial. The plastic should prevent any corrosion @ uit 
that the things that are put into cans are often d 
€ think of rhubarb.) If the plastic does 
tin comes into contact with the contents, so 
a very reactive metal, and so it 


is damaged as well, the iron 
This time, the iron in t 


become scratches no 
it corrodes. Tin ating 
reacts very slowly. If the tin €O 


becomes exposed. (See figure 20b. 


ies 
5 $ icy BETIS 

he steel is higher in the Activity This 
than the other metal, so che iron reacts with the rhubarb juice: ces 
may Cause a dangerous buil 


3 3 ~ eq bsta! 
d up of gas, and poisonous sub 


may get into the food. Beware dented tins. 


n 
] sto 
Gas and water anodes. How often have you seen a small tion 
slab at the side of the road, or 9n a grass verge, with the ins¢! P his 
gas anode’ or water anode’? Never? Have 5 vnnd leak aroutie 
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is the Gas or Water Board's way of protecting their pipes from rustin 

The pipes, made of stecl, are painted, but after a time corrosion B 
bound to set in. It costs money to dig up pipes and replace them " 
under the ‘anode’, they put a small bag or rod of magnesium This is 
connected to the pipe by a wire. so that a small electrical cell i set up 
Magnesium is higher in the Activity Series than iron, so that it 
corrodes and not the iron pipe. The magnesium can be renewed 


easily. Sce figure 21. 


gas anode 


magnesium 


s in the same group 
hell electrons. 
properties. This is 


5 Sacs WY Apit UT 


pL Vhey all have one 


u read that element 
number of outside s 


In a much earlier chapter, yO 
st the periodie table have the same 
Hs ByE then: similar physic a and 
certainly true of Group Vil, the Halogens. ? 
Another good example is the metals of Grow! 


outside shell electron 


Li lithium 2 
Na sodium 2. 
K potassium 2. 
They are very much alike physically: 

a They arc all soft enough to be cut with a knife, although their 
softness increases as yOu EO down the Group. 

er oil to protect them from air and 
all corrode. When cut they are silver 
atter of seconds. 


b They are all kept und 
moisture. Nevertheless, they 
on the inside, but this tarnishes in a m 
all float. 


c They are all lighter than water - they 


d They all have low melting points: 


Li = 186°C 
Na = 98°C 
K = 63°C. 


Summary 


Chemistry matters 


e They are all good conductors of electricity. 


i i ;. Let's 
We have seen many of their chemical reactions already 
summarise them: 


ic oxides. 
f They all burn in air with coloured flames to form basi 
Lithium burns with a crimson flame: 


4Li(s) ++O,(g) — 2Li,0. 
Sodium burns with a bright yellow flame: 
2Na(s) +O3(g) — Na,O,(s). 
Potassium burns with a lilac flame: 

K(s) +O2(g) — KO,(s). 


and a 
g They all react violently with water to form hydrogen an 
solution of an alkali. For example: 


; . The 
Lithium fizzes and gets smaller as it gives off hydrogen 
solution that is left is alkaline lithium hydroxide: 
2Li(s) +2H,O(1) — 2LiOH (aq) +H, (g). lein 
Sodium melts, and rushes around as it fizzes violently, ev 
ogen. Alkaline sodium hydroxide is left in solution: 
2Na(s) +2H,O(1) —> 2NaOH( 


hydr 


aq) + H2(g). 


ogen 
; and reacts so violently that the mene 
ches fire, and burns with a lilac flame. 
at is left is alkaline potassium hydroxide: 


2K(s) +2H,O(1) — 2KOH (aq) +H, (g). 


Potassiurn melts 
which is evolved cat 
solution th 


At the end of this chapter you should be able to: 


. ic 
ae 4 : riod! 
l Distinguish between metals and non-metals in the pe 
table. 


2 Describe the 


compare them wit 


) icitY: 
3 Explain why metals are good conductors of heat and electr! 
4 Write down the c 
appear in the Activity 


5 Explain how the rea 
acids follow the order of 


d 
ale an 
Physical and chemical properties of metals 

h those of non-metals, 


in which the? 
Ommon metals in the order in whi 
Series. 


4 q dilute 
tions of metals with air, water an 

the Activity Series. 

6 Compare the r i 
monoxide, and othe 


7 Describe what 


is meant b 
redox and the Activ 


" terms 0 
: by a displacement reaction in 
"ty Series. 
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8 Show that the extraction of metals from their ores is a reduction. 
9 Describe the production of copper from its ore. 

10 Describe the production of iron and steel. 

11 Describe the extraction of aluminium from bauxite. 


12. Describe the extraction of sodium from sodium chloride. 


13 Describe the advantages of alloys over pure metals and give 
examples of some common alloys. 

14 Explain the cause of rusting in iron and describe the ways in 
which it may be prevented. 

15 Show that the members of Group I of the periodic table are 
very similar in physical and chemical properties. 


Concorde 
and Samurai! 


Concorde. and the ancient Japanese Samurai 
swordsmen, have at least one thing in common. 
Concorde has problems slicing through air. 


The Samurai had problems slicing through 
something else... 


"Nose down’. The co-pilot lifts the nose control 
and moves it to the fully lowered position. In 
front, the nose slides down below the wind- 
screen lower edge, improving the already good 
visibility. 


‘1000 feet.’ The Engineer Officer calls out the 
altimeter readings as we close in 


The 
approach continues. 
100 feet’ 
505 
‘40°. A touch of the button on numbers | and 4 
throttles and the auto-throttle disconnects. 
30 


20“ A slight ease back on the control column 
stops the nose lowering too quickly. 
*]5! 

"Close the throttles, not slow] 
and Concorde sits down nicel 
Straight into idle reverse, 
wheel gently, and then turn t 
reverse thrust. 


y, but steadily’, 
y on the Tunway. 
lower the nose 
he engines to full 


110 knots’. The outer engines idle. 

75 knots’. All engines idle. 

50 knots’. Concorde hardly appears to be 
moving, but the Horizontal Situation Indi- 
cator makes sure we do not taxi too fast. We 
nose into Bay 7, and one more successful 
Concorde flight is completed. 


Best of its kind in the world 

Concorde is the result of British and French 
aeronautical technology. and it is the best of 
its kind in the World. It cost a great deal of 


i and 
millions an 


money to design and build lens had t9 
millions of pounds, and lots of problem 
be solved. 


planes 


2 4 jot passenger f 8 
For example, most jet passeng hour 


fly at five or six hundred kilometres E 
That's pretty fast, but at top speed, Ce 
reaches twice the speed of sound ge 
2400 km per hour. At this speed. the 


vnde 
2 8 » eT atu 
of the fuselage reaches a tem] on it. 


side 


resisti 
This high temperature is caused by we ge 
between the molecules of oxygen and n € 
in the air, and the metal of the 3 che 
rushes along. When meteorites ne cate 
Earth's atmosphere at high speed. 2 rde did 
fire. It would be disastrous if Conco ya ger 
this, so it cannot be made of thin steel ! 
aluminium like any ordinary aircraft. 


New alloys designed cia nitri Wo 
Instead, a new alloy of steel and Mea 110 
designed to withstand the high ITE meal 
that Concorde would experience. l pu "TU 
new tools to cut and form the new me i whe? 
rigorous tests to see how it would behav Vas P 
it was made to fly. Was it light enough: é 
strong enough? d m 

The wings and tail plane of Con ve be í 
Very big and titanium steel would ha pini 
too heavy for them, Instead. a new a b be 
alloy was made that was light ptis 
Which would still withstand the crue , 130 
of temperature from near freezing be 


that tl 

he aer 

In sf. PME would have to go through. 
n © Concorde’ eg 
50n the idit or s wings droop when it 
sure : : 
ne of the air 
ying. 
Withsta 


and are lifted up by the pres- 
The all 1 over them when it is 
alloy had to ł 
s y n W strong enoug, 
nd this flexing i enum 


Pla 

nes of th 

n e futur 
search into Ï 


new i - z 
not Stopped loys for aeroplanes has 


company i. there. An American aircraft 
Which ap SUM experimental aeroplanes 
graphite ien ea from aluminium and 
Sübsta 3 — tungsten and fibre glass. These 
i: ) mt into mixtures and alloys 
“Wentional ; Ben lighter and cheaper than 
casily id ii alleys. They can be shaped more 
: The es aeroplane parts. 
he Penh engine mountings are 
| oY Of the 15 5 jud fibre glass and the main 
riae is manufactured from 
So nium alloys. These experi- 
me hee bo carried up to 15000 
Xi the nbers and then released. 
5 speed of sound and when 
v forces eight times as strong 


Of gras 
gravit i 
* d t A 
Y will build up in the body of 


a 
of th oplane 
e future j 


These wi z 
dese will be the fighter planes 


me steel object is made to fit 
Y. Even the piece of steel 


i beenie- 
ase a sword must combine 


and ine E A s 

q^ ian properties ol 

Ah exible, and vet must be 
O T xf 12 

properties which can be 


same ; : * 

00 m order Material unless it consists 
g ö hap ated ; to achieve this, the piece of 
Mee mg and cut. . 
heen ü Mered «nd 135 then doubled over. 

1 s i olded acai $ 
ka tho? $0 that wi de d again and again 
Ln lay Usand ithin the steel, more than 
à ve aver 

Saad wers have been created. 


mare diff, Mt be 
tin Te nt nes bound to the next. which 
bh re k Property Ti'i ere ~ 
er rying to con, It is as if the crafts- 
rd, aith the h combine the flexibility of 
ATA : à 
lardness of glass, and the 


ly 

) Ag i £ ^ 
A Prope: an immense sz wich of 
Ut perti andwict 


cl; 
ay ast st; 
3 age x 
9 dif ere; Ses the sword is covered 
i At thicknesses, so that when 


0 
Plunged i 
é e 
Vates c hes d into water it will cool 


ps. 


leote » 
temperature of the steel 


no 
a 
RS] 


for this final moment must. be judged pre- 
cisely, and it was the practice of the Japanese 
aftsmen to watch the sword being 


Samurai cr: 
it glows to the colour of the 


heated "until 


morning sun.” 
‘The climax, not so much of drama as of 


Chemistry, is the quenching, which hardens 
the sword and fixes the different. properties 
within it. Different crystal shapes and sizes are 
produced by the different rates of cooling: 
at the flexible core of the 


large smooth crystal 
ed crystals at the cutting 


sword, and small jagg 
edge. 

But the te 
-Can it cut the human bot 
Samurai ritual lays down? The body | 
placed by a bale of straw nowadays, but in the 
past, a new sword was tested more literally, by 


using it to execute à prisoner. 


st of the sword is Does it work? 
dy in the way that 
is re- 


Questions 
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l Think of as many reasons why: . ö EN 
a You couldn't make electric wires out of phosp a 
b You can’t build bridges out of graphite. Or even diz 
for that matter.) ] 
€ You can't make bells out of sulphur. 


m 
2 Although you may never have seen them, or ngad meme the 
before, what sort of reactions would you expect between: 
Gallium and dilute hydrochloric acid. 
Caesium and oxygen, 
Selenium and oxygen. 
Chlorine oxide and water. l caie ible 18 
Look at the positions of these elements in the perigar er nőn 
figure 1. This will help you to decide whether they are me fa n ss 
metals. Then you may have to do some revision in other cha] 
Don't forget the index. 


" ; for 
i : 'ord equations 
In the case of reactions a, b, and c, write word equé 
what is happening. 


alec- 
* 2 8 x : 1 15 4 " uct ele 

3 Explain, with diagrams, why a piece of iron will cond condutt 
tricity, but a piece of sulphur will not. Why don't gases 
electricity? How does their structure prevent them? 

4 Without looking back in the chapter 
the correct order in the Activity Series: 


. 


8 into 
, put these elements 1 


copper potassium zinc magnesium. 


Describe the reactions of the: 
€ dilute hydrochloric acid. Doe 


5 Iron will react with steam, but only at a very high tempe 
Write the equation for this reaction. . i -— 

The apparatus in figure 8b is no good for the reaction, i| 
the glass will melt before the required temperature is reached. 


cd: 
H 4 8 P ill nee 
Design a better apparatus for the experiment. You wil 
something in which 


T nd 
; m jater am 
se metals with a air, b w 7 gave? 
s this fit in with the order you f 


rature 


. which to 
to produce the steam, something 1n 2 0 has 
heat the iron. something in which to collect the hydrogen afte! 
been produced. i 
Draw a dia 


gram of the assemble, 


; ow 
cessi bs l 
i d apparatus and descr! 
1t would work. 


6 Below isa list of 
left hand side of th 
say if the reac 
Say whether h 


den the 
Possible reactions, but you are only gu 
€ equation. In each case: 
tion will work, 


eat is nceded, 


ng symbols and formulae. 


: hydrochloric acid — 
Copper + dilute sulphuric 


gold toxygen — 

sodium +oxygen — 

Copper + oxygen PTT 

carbon 4- Magnesium oxide —_» 


acid —— 
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carbon monoxide silver oxide —— 
carbon + copper oxide — 
hydrogen aluminium oxide — 
carbon monoxide + potassium oxide ——? 
magnesium + lead oxide ——* 
hydrogen + mercury oxide -—— 

m copper +zinc oxide — 

n magnesium +lead nitrate solution —? 

o  silver--zinc sulphate solution ——> 
From these reactions, choose: an exothermic reaction, 
reaction, a synthesis reaction, a displacement reaction. 


= m= on umo 


a redox 


7 Explain: 
a how cast iron is made from iron ore, 


b how wrought iron is made, 


c how steel is made. . 
Why are there so many different types of steel? Give one example and 
f d for. 


explain how it is made and what it is use 
8 Why is rust different from other types of corr 
short notes on how rust is prevented by: 

galvanising, 


a 
b  tin-plating, 
c 
d 


osion? Write 


excluding air and water, 
burying bags of magnesium. 
lloys us 
used alloy. 


" ? 
9  Whatis an alloy? Why are a ed instead of pure d 
Give an example of a commonly What does it gontai 
and what is it used for? : 
See how many different alloys you can find in the ee n m 
at home. You could start with your bike, or Dad's car. ah 
tell them by different appearance, density, and tendency to TU** 
10 Describe the experiment you would perform to E — 
and water are both needed to make iron rust. Say what app 


you would use, and explain the reasons for the things you would do. 
i ? 

11 Why should you beware of dented tins of rhubarb: 

12 Elements which have the same number of outside a electrons 

are said to have similar physical and chemical ee à 

Is this true for a the Halogens b the Alkali metals: 

Give lots of reasons for your an 


e clues about 
a metal 
fill light bulbs, 


swers. 


some mystery 
ora non-metal? 


elements. Can you 


13 Here are som 
say whether each one is 


a is a gas used to 
b is a solid mixed with lead to m 


c has a melting point of 1240 > 
d  burnsin oxygen to form an OX! 


red, 


ake solder, 


e which turns damp litmus 
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clangs when you hit it, 

will snap if you try to bend it, 

will not conduct electricity, 

is made into wires, 

is a very poor conductor of heat, 

j reacts with an acid to give a salt plus hydrogen. 


+ prog ho 


; ; ee O 
14 Metal A does not react with water, dilute hydrochloric acid, o 
steam. 


Metal B reacts violently with water, and forms an alkaline 
solution. 
Metal C corrodes slowly in the air but only reacts with steam. 
a Put the three metals in the order in which they would occur 
in the Activity Series. 
b Put hydrogen into the list as a reference point. 
€ Which of these metals would oxidise most easily? 
d Which one would not be reduced by carbon? 
e Will B reduce the oxide of A? i 
f Will C displace A from a solution of the chloride of A in 


water? 


8 The nitrate of which of the metals is the most difficult t° 
decompose by heating? 


l 
: Fuels 


19.1 
hat; 
tis 
a fu 
el? - 
Fuel 

mu ee substances which may be made to do work. When they 
e haec released. This energy can be in the form of heat, 

, ricity or movement. Figure | shows one example of this. 


Ene 

rgy stored in i i i 

) oil can be chan ed into heat light, electri 
movement energy: E , light, electric or 


which move 8 piston 


burns to 
in an engine 


| oiL — HOT 
GASES 
rns to 
rm 


bu 
f 
burns m HEAT 


to give 
off LL —— to drive @ 
produce 


ELECTRICITY 


which will produce 


es of energy changes: 


of lots more exampl 


You can probably think 
quation: 


ame sort of e 


but all of them have the s 
heat 
. light 
uel +oxygen — ? CO,+ H,O +energy in the form of sound 
movement 
electricity- 
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19.2 
What makes a 
good fuel? 


Figure 2 
Some heal energy 


values for different 
Juels. 


19:3 
Coal 
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y y , " vns] ake a 
If you were to think of some common fuels you could easily m: 
list of advantages and disadvantages for cach one. 
Here are some ‘rules’ for the ideal fuel: 


1 It must be easily and cheaply mined or manufactured. 


; rn e where it is found 
2 It must be easily transported from the place where it is f 
to the place where it is to be used. 


3 It must burn easily and produce a lot of energy. 


4 It must not give off dangerous fumes. 
5 


4 mem. smoke: 
It must not have a lot of waste products such as ash and s 


How many of our fuels satisfy all of these rules? Nonc. a We 
The amount of heat energy that a fuel can produce n S of 
measured in energy units called joules. The larger the num 


" ^ XA. M 2 red in 
Joules, the better the fuel. Some common fuels are compa 
figure 2. 


fuel heat energy value in Joules per kilogram — 
wood 21 000 
coal 34 000 
petrol 42 000 
natural gas 56 000 
bread 10 600 
sugar 16510 
butter 31 220 
yoghurt 2 390 


From these figures you can see th 
wood, because it can form mor 

Foods are also fue 
and you can see 
than yoghurt. 


fre] than 
at gas will make a hotter fuel 


€ heat energy. d heat 
ls, for the body. They provide energy an ergy 
from the figures, that sugar will give you more enen 
If you don't use the energy up, you get fat instead 


* l ants 
Coal isa fossil fuel. It is made from the remains of trees and pl 
that lived millions of years ago 
y go. . -şa 
i Long before man, trees grew, died, and decayed all in the * 
place. Their Femains built up in layers. Over millions of year 
dead organic matter í 


me 


E 
fro! 
Was Covered by layers of silt and mu d 
ws D P ^ i F ^d 8 an 
rivers and rain. Changes took place in the structure of the Earth “ye 
the silt and mud turned into s 
organic matte ö 


sing 
and shale, compres 117 


1 
1 ips se recO8! a 
; ? Sing it into the stance we TC pr 
today as coal. We sti de » the substan n thoug at 
* " 8 “Oa 
has been mined i 


this country, eve als 
M coi 


*. Different areas produce 


Figure 3 


The major coal fields 


0f Great Britain. 


Supports. 


Fuels p 


different types: old, hard coal is black and bituminous. Younger coal 
called lignite, is softer and brown. Figure 3 is a map of Great Britain 
showing the major coal fields. 


The coal in this country is mined from about 170 collieries at a cost of 
£46 per tonne, in 1984. Deep mines are dug, sometimes a kilo 

metre or more deep, and tunnels or ‘roads are cut sideways into the 
layers, or seams of coal. Modern mining equipment is very sophisti- 
cated. Huge automatic cutters rip the coal from the seams as the 
roof of the tunnel is kept up by hydraulically operated supports which 
move along with the cutters. The cutter travels backwards and 
forwards between two parallel tunnels, eating into the coal face all 


the time. 


reed. 
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Figure 5 
Uses af coal in 


Britain in 1974. 


19.4 
Chemicals 
from coal 


Chemistry matters 


in power stations 
for electricity 


exported 


— — other industrial 
coke for 


uses 

steel-making . 
for fuel in 

for domestic use industry 


Before large quantities of natural gas were discovered under "i 
North Sea, ordinary gas, or Town Gas, was made from iri 
The coal was heated to a high temperature in large towers called 
retorts. It was not allowed to burn because air was not let «i 
Instead, all that happened was that the volatile parts of the coa 
were driven out. This process is called destructive distillation. . 

The main products of the destructive distillation of coal were: 


` : : P ich 
l Coal gas. This was a mixture of about 50% hydrogen W! 
smaller amounts of carbon monoxide, methane and other gases. 


2 Coal tar. This was a tarry residue from which many chemicals 
could be extracted. These included creosote and pitch for roads an 
fences, and tar oil for spraying trees; naphthalene for moth balls Be 
firelighters; phenol for plastics, soaps and disinfectants; drugs: aye 
and many other compounds could also be made. 


: f . ich was 
3 Ammoniacal liquor. This was an aqueous product which , 


: : ilizer 
condensed from the gas. It contained ammonia from which fertili 
could be made. 


- . d 
4 Coke. This is the solid residue left after everything else ha 


boiled off. Different types of coal produce different qualities of coke 
Steel making coke is made from hard bituminous coal. Other typ" 
of coke are sold as domestic smokeless fuels, like Coalite. 8 
As coal became more and more expensive to mine, some tow? Ph 
was made directly from oil by passing it over a catalyst at à mE 
temperature. This gave a gas similar in composition to coal ga 
However, by 1972, most of (ur? 


Britain's gas supply cz from n? 
/ S gas supply came fro 

gas from the North Sea oil beds. Town gas is no longer made ke 
domestic use, although coal is sti 1 ll à 


l 2 ae e B 
coke and chemicals. l destructively distilled 


Nevertheless, coal 
Many of 


19.5 


Figure 6 

"Fi. . 
he oil is trapped in 

4 porous layer of rock. 


Fuels 


Like coal, oil is a fossil fuel. Millions of years ago, most of the living 
creatures that existed were in the sea, and were animals with shells. 
As they died, their bodies fell to the beds of the oceans. This accumu- 
lation slowly happened over thousands of years, they became covered 
with silt and mud. Over millions of years, they were compressed and 
the organic matter was converted into oil. Changes in the structure 
of the Earth helped to trap the oil in porous layers of rock (rather 
like a sponge soaking up water). (See figure 6.) 


E: 4 


? shale 


non porous rock 


ý oil 
salt water 


non porous rock 


ort of structure from aerial photo- 
v. This involves setting off a small 
es that rebound 


Geologists can recognize this s 
or from a seismic survey 
und and recording the echo 


graphs, 
explosion under the gro 
from the different layers of rock. 7 — 
Once a possible site for oil has been identified, a test pring is E 
'This is a very expensive operation, especially since the w T re 
dry, or yield only gas. Figure 7a shows a land drilling ng ite 
types of drill heads have to be used for the different fener 1 1 
10-metre lengths of drill pipe are connected together er à z n 
into the Earth. As they become worn out, the drill hea A ud sd 
changed. This may be after only a few metres of drilling if the von 
hard. but the whole string of pipes has to be pulled up and A 
connected, section by section. This is very hard and ccn RD , 
If the oil is located under the sea, the process 1s ma n i = t 
An oil drilling platform has to be used, and these alone cost minons 


of pounds each. (Sec figure 7b. 
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Figure 7a A land drilling rig. 7b A North sea oil drilling rig. 


19.6 
Natural Gas 


in imported oil can also disc 
in figure 8. 


Figure 8 


An oil refinery. 
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Oil refini il is i 
ng Oil is a mixture of hundreds of different chemicals. They can be 


separated initially by fractional distillation. This is the same ty 

epe that was used to separate ethanol from water in ed e 3 

be much larger and more complicated piece of apparatus called a 
ionating column is used. Figure 9a shows a fractionating col 

at an oil refinery. Figure 9b shows what it looks like from R 


— 


refinery 


crude oil h 

to 570k eated 
300° 

by —— O0) 


Figure 9a steam " m 

: Sractionating Sad a" 

mn. ‘ -> A fractionating 
bitumen column. 


d side shows a bubble cap. 
ass through bubble 


more vapour bubbles through 


h is shown on the left han 


The insert whicl 
e column they p 


As the vapours are forced up th 
caps. Some of the vapour condenses; , 
the condensed vapour on its way up: This happens many umes and 
the result is that only the volatile, low boiling point liquids reach the 
top of the column. The heavy, high boiling point liquids continually 
condense and run down to the bottom. All the way up the column, 
liquids of different boiling points are collected at different levels. 
The heavy. high boiling liquids have large molecules. They are 
thick, viscous liquids. The light, low boiling point liquids have small 
they are runnicr and more volatile. They are ar m 
l hows some ol the uses of the different liquids 


the oil. The liquids are called fractions and 


| man othet chemicals: Fhe fractions 
d ^ other get mally mort 


molecules 
flammable. Figure 10 5 
that are obtained Irom 
each fraction is still a mixture o 
are distilled again. and treate 
chemicals out of them. 


ways to € 
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fraction 


boiling point 


size of molecule 


uses 


Refinery gas 
Petrol and 
Naphtha 
Kerosine 


Diesel oil 


Lubrication 
oils 


Bitumen 


less than 40 °C 


between 40? 
and 75°C 
between 150° 
and 240°C 
between 220 ° 
and 250°C 
between 250 ° 
and 350°C 


above 350°C 


l-4 carbon atoms long 
4-12 carbon atoms 
9-16 carbon atoms 
15-25 carbon atoms 


20-70 carbon atoms 


all the residue left at the 
bottom of the column 


bottled gas such as Calor 
gas, and plastics. 


Fuel for cars, chemicals. 
Fuel for jets, paraffin. 


Fuel for trains, lorries and 
tractors. 

Chemicals, oils, waxes and 
polish. Fuels for ships 

and heating. l 
Materials for road making» 
water-proofing, roofing: 


Figure 10 The uses of oil. 


19.8 
How much is 
there left? 


Here are some rather alarming statistics about how long Our uan 
fuels will last. They are estimates, made by geologists in 198 all 
reserves of coal, oil, and gas that are still in che ground. They E 
measured in million tonnes ofoil equivalents so that they can eas! y 


compared. 


approximate reserves 


million tonnes of 
oil equivalent 


oil 92 000 
coal 450 000 
natural gas 82 000 
1983 World million tonnes of 
consumption oil equivalent 
. i i " 
oil 2750 (this has gone up five times = 
1950) 0) 
coal i i = 
3000 (this has gone up by 4 since Is ce 
natural gas 1330 (this has 5 za by 5 times in 
1950) 
ut 
fuel estimated time when it will ru” ^ 
il 
eat 30-50 years 
= 150-200 years 


60-80 years 


19.9 


Other sources 


of energy 
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Already, nuclear power is being used to generate electricity, 
and a great deal of research is going on into the design of efficient 
and safe reactors for the future. 

One source of energy that was used a great deal at one time is 
the wind. Ships moved by the energy of the wind which they caught 
in their sails; windmills converted the wind's energy into power for 
entists are now experimenting with giant pro- 
pellors which can generate large amounts of electricity. 

More recently, experiments have been started to use the power 
of the waves to generate electricity. Huge floats are put onto the 
water, and as they nod up and down in the waves, they can work a 
generator. Experimental buoys have been made that can generate 
enough electricity to light a lamp on top of them to warn ships, and 
it is estimated that strings of floats like this, sited round the coast of 


the British Isles could provide enough electrical energy for most of 


our present electrical needs. 3 à 
Some areas of the Earth can get their energy from un erground, 
geothermal energy We 


— sers. This is called 
— — n this country if we drilled holes deep 
ery expensive. 


could get geothermal energy i 

5 > yv 

enough in the ground, but it would make the energy ver inally from 
Of course, all the energy in our fossil —— = one es 

k * 28 imals grow. Feop 7 

the sun. The sun made the trees and animals 8 gy directly. 


i "s ener 
to realize that it may be possible to harness 11 en 
This could be done with photo electric cells like t — — el 
light metres on cameras. They convert ee un jones 
energy. As yet, however, they are not very efficient, 


od station,) 
the same amount of electricity a 
- — — cells. 
need many hectares of solar & of their houses. 


. Š . 8 ools O 
considering fitting solar panels to the 2 pw 
contain flowing water, which heats UP, n 8888 
The water may then be used for domestic P p 


days, the sun's energy gets through. 


grinding corn. Sci 


to imitate the way energy 


- P : ry 

Finally, experimen’ ar ab NA of tonnes of the hydrogen 

is i zun. Every second, m! . lecules 

made in the sun. Every: are fused together to make mo 3 
the sul of heat, so muc 


atoms that make up 
; i mount 
of helium. This gives out an immense an The experiments are far 
that we can feel it 93 million miles cr san in 18 à 
from complete, but some scien "x s py this method: 
Ti y P 
next century we may get all of our energ) al and oil run out? 


But what will replace plastic when the co 


ou ca 
Flames. Flames are € one — our burns in 
a candle is lit, t 
oxygen from the alr. T 
reaction. A candle flam 
Wax is not burnt, and t 

A flame is a mixture o 

place at different temperatures an 


e is 


a n 
with di 
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combustion in this part of the flame is almost 
complete, the flame is very difficult to see 


this is the hottest part of the flame 


in here, the gas / air mixture is not burning, 
it is a darker blue than the rest of the flame 


The bunsen burner. This is a cleverly 

designed piece of apparatus that was first 

made 200 years ago. The jet at the bottom 

must be just the right size so that the speed 
air of the gas rushing up the chimney of the 
burner is the same as the speed of burning 
of the flame at the top. The air hole in the 
collar at the bottom of the chimney controls 
the amount of air that is mixed with the gas. 
If the hole is closed, the gas is not mixed with 
airasit emerges from the chimney. The flame 
is luminous and sooty like a candle flame 
When theair hole is opened, air mixes with m 
gas, and the flame is almost invisible an 
much noisier. The flame is a great deal hotter 
because the combustion in the flame is bette 
(See figure 11. 


Figure 11 
The bunsen 
burner flame. 


E 


Tf 


Summary At the end of this chapter you should be able to: 


1 Say what a fuel is. 


2 Give some examples of common fuels, and the forms of energy 
that may be obtained from them. 


Give ‘rules’ for an ideal fuel. 


Compare two fuels by means of their heat content values: 


Describe how coal was formed. 


Give examples of the uses of coal. 


3 
4 
5 
6 
7 


-— d 
Describe the products of the destructive distillation of coal an 
give some of their uses. 


3 : Describe how oil was formed, and outline the method by which 
it is found, and removed from the ground. 


9 Explain how oil is fraction: er pe the fr2€ 
tions and their uses. ae Sa, P Se 


10 Discuss possible energy sources for the future 


11 Describe the flames 


el 
produced by a c en burn 
and say why they are different y a candle and a bunse 
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How to live to be 120years old 


T d AJ, 
da 0 oldest man, Shigechiyo Izumi, 
small vill: GAY 1986, at the age of 120, in a 
Des agen Southern Japan. 
l e Him AG he ea le 
inge, Alih istances and sing his favourite folk 
5 he had had a slight touch of 
Nad no arth k 1 he quickly recovered from, he 
died Usern fV heart disease, or cancer. He 
fact, his "- es body wore out at long last. In 
all fell out a lasted a much shorter time. They 
could not ae eres of 80 and because he 
gums for i fon Pi false teeth, he ate on his 
Doc !y cars! 
healthy iens attributed his long life to a 
mainly nd and a hardworking youth. He ate 
Spinach fro TR beans, tomatoes, carrots, and 
at, and 5 " own garden, stir-fried in pork 
and religion ei had meat - only on festival 
ard 9 en ays. Doctors explained that 
the 51994 n MEE used up sugars and fats in 
eart duets 10 reduce the chance of 
ca ciim id and that it also slowed the loss of 
arthritis i rom bones. This loss can lead to 
n old age. 

he Sie not without his vices. On 
0 € of his doctor, he gave up smoking. 


n 
Y at the 
dr, p! the age of 110, and since he was 70: he 


ank 

76, oppd ji , 

wa, iig, CU Bf All | il 0 | 

teeth girig OF his o ápanese ute rum ede 
"Visio " 1 swi Casional pleasures was to 
n! msuits in advertisements on 


STOCK CUBES 


Ingredients when reconstituted: 
Hydeolysed protein 

Sok 

Chicken meat 

Wheatflour 

Bone stock 

Yeast extvact 

Flavour enhancer 1621,635.] 
Colouv Leavamel] 

Sugev 

Chicken fat 

Flavour 

Powsley 3 

Onion 

Towevic 


BERN 


What is a healthy diet? 

In 1979, the National Advisory Council on 
Nutrition Education published a list of re- 
commendations about how the British diet 


could be improved. 
They said: 

1 Fat intake should be reduced by 25%, so 
that it made up no more than 30°, of the 
total energy intake. Saturated fats should 
make up only 10% of this. 

2 Intake of refined sugar (mainly sucrose) 
should be reduced by 50% to only 20kg 
per person per year. Of this, only 10kg 
per year at the most should come from 


snack foods. 

3 Fibre intake shou 
to 20 kg per person per y 
wholegrain cereal. 

4 The amount of salt eaten should be re- 


duced by 25% to 9 g per person per day. 
fat, sugar and salt, more 


ld be increased by 33% 
ear, mainly from 


In other words, less 
fibre. 


Margarine vs putter. Is there a 
difference? . 
m many different foods and have 


Fats come fro 
es, but they all have a 


many different molecul 
Tucture. They are made from acids 


in ye | ed with alcohols like 
I I 4 nae 
e As Wet $ 


gl lor 
ong t 
the b. N 
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atoms with hydrogen atoms attached to them. 
Look at the example below. This is a molecule 
ofa fat called glyceryl stearate, found in animal 
fat. 


uH H[H H]H 5 
„ m 
H—C—C-C— c } 
O—C—H 
H HLH H H 
H HÍH H|H 3 
N,. 
H—C€—C4-C—C-4-6—C 
PE cos e—H 
H HLH HJ,H i 
H ETH H]H o 
VA 
H—C—C—-C—C-+-C—€ 
2i Jo- n 
H HLH H. H 


H 

The three long chains in this molecule each 
contain 17 carbon atoms and 35 hydrogen 
atoms. When the molecule is digested, it pro- 
vides energy. However, fat is stored in the body 
for emergency use. Animals which hibernate 
put on lots of fat which slowly gets used up 
throughout the long cold months when they 
are asleep and not eating. Humans do not 
hibernate and unless they deliberately stop 
eating, a lot of fat that is eaten is stored and 
never used. In other words, you get ‘fat’. 

Some fats however, are necessary. They 
provide the chemicals that build cells in the 
body and manufacture hormones. There are 
two sorts of fats. Those like the one drawn 
above have single bonds between their carbon 
atoms. These are called saturated fats. They are 
the ones that we do not need. Some fats contain 
2 or more double bonds in their chains. These 
are called polyunsaturated fats. All the fats that 
our bodies need are polyunsaturated. Look at 
the diagram below. 
(0—6—C0—6—6— ss 

saturated fats have 

single bonds 


„FF 
polyunsaturated fats have 
several double bonds 


All of the fats that are essential in our diet are 
polyunsaturated fats. In addition to their roles 
in cell and hormone manufacture, they are 
thought to control and even reduce the 
amount of cholesterol in the blood. Saturated 


fats increase cholesterol and this can have 
disasterous effects. Too much cholesterol 
causes a fatty lining to build up on the inside of 
arteries. This restricts the flow of blood, makes 
the heart work harder and tends to make the 
blood clot more easily. A high saturated fat diet 
makes you more likely to get heart disease. " 

But what about butter and margarine: 
Both contain fat. Butter is made from milk r 
and margarine is made from animal fats = 
vegetable oils which have been hardened by 
reacting them with hydrogen over a catalyst 0 
nickel. This process is called hydrogenation and it 
makes unsaturated fats saturated! Only mar- 
garines that are labelled ‘high in polyunsatu- 
rates have had extra polyunsaturated fats 
from vegetables like sunflower oil and p 
seed oil added to them. This makes them solt 
and healthier to eat, although you would be 
better off eating dry bread! Ar 

The Table below shows foods of the ‘right 
sort and ‘wrong’ sort 


„TTT 
foods high in foods high in 
saturated fat and polyunsaturated 
low in poly- fats and low in 
unsaturated fat saturated fats 


cream vegetables 
cheese boiled potatoes 
lamb rice 

Whole milk spaghetti 


pork sausages wholemeal flour 
bacon cod 


coconut skimmed milk 


White poison s 0. 
Carbohydrates are important in our diet em 
They are needed to give us energy and to one 
us warm. But we get all the carbohydrates n 
need from vegetables, wholemeal bread, a 
fruit. This is called unrefined carbohydT2^/ 
Sugar, in its many forms such as sucrose, glue 
and even honey, is refined carbohydrate: Ach 
we don’t need it. We eat it — tonnes of it P jo 
year - because we like the taste of it, and ^ " 
without realising we are eating it in wee 
nience foods of all sorts, Even All Bran 
sugar added to it! ar 
Apart from the effect that unrefined © 


a 
bohydrate has on teeth, a high intake of sug’ d 
makes you fat, 


s 


and being overweight can 


yq 


to many medical problems. We could cut out 
all sugar and sweetening substances from our 
diet and still be quite healthy. 


Here is a list of foods to avoid that 
contain a lot of refined 
carbohydrate 


biscuits, soft drinks, jams, packet foods, 
sauces and pickles, sweets of all kinds, and 
even baked beans! 


Roughage 

Roughage or fibre comes from unrefined car- 
bohydrate. It is made of the undigestable 
Material from vegetables, grains, and fruits: 
the husk and bran from wholemeal flour, the 
Skins of fruit and the fibres in vegetables. Beans, 
Peas, and nuts are high in fibre too. 


Quite simply, diets which contain a lot of 


fibre keep you healthy. Evidence shows that 
You are less likely to get cancer of the intestines 
and bowel if you eat a lot of fibre, and you 
Certainly won't get constipated. People who 
dp insufficient. fibre, produce faeces (solid 
Waste matter) which are hard and compact. 
Fd bos only makes them difficult to pass out 
in ihe stem, but they can cause small ruptures 
s intestine. This is called diverticular 
mf ee who eat a lot of fibre produce 
Problem y faeces which have none of these 
te ns because they pass quickly out of their 
ystems, 


Mp — EMEN ERE 
ee are some foods which contain a 
9t of fibre 


All Bran and other high bran cereals 
M holemeal bread and pasta 

Tesh fruit and vegetables 

cas, beans and nuts. 


Walt 

We; 
abi Lato much salt and most of it through 
Without it ps bu think food doesn't taste right 
and thine ^ fact, we get all the salt we need 
Wü d | from the natural food that we eat. 
Sweat, 8 it was thought that when you 
" replaced. ae was lost in the sweat had to 
Were Bids = eople who worked in hot places 
uraged to take salt tablets. It is now 
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known that this salt that is lost is excess salt that 
the body does not need. 

Too much salt in your diet leads to high 
blood pressure and this in turn can lead to 
diseases of the heart and kidneys. But it is not 
just a case of leaving the salt cellar off the table. 
Many tinned and packeted foods contain hid- 
den salt. Just have a look at the ingredients lists 
on the tins and packets in your cupboard. 


Back to Japan 

How then does Izumi's diet compare with ours? 
He ate lots of fruit and vegetables which were 
high in fibre and unrefined carbohydrate. 
Admittedly, he did stir-fry them in pork fat, 
but scientists say that the fat from pigs fed on 
grains and vegetables, as his were, contain 
polyunsaturated fats. 

Statistically, if you are Japanese, you are 
far less likely to get a heart attack or get cancer 
of the intestines than if you are British. Perhaps 
this has something to do with the fact that 
Japanese people eat: 

twice as many vegetables, 

twice as much fruit and nuts, 

four times as much sea food and fish, 

twice as many eggs, 

half as much meat, fats and oils and 

refined sugar, 

and only one third as many dairy 

products. 


Izumi at 117! 
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s 1 Explain why oil is a good example of a fuel. 1 

Questions How many different forms of energy may be made star eie 
asupply of wood? Say what pieces of apparatus, engines or mac 
would have to be used to make the changes. 


E N i ink: :oal, 
2 Look again at the ‘rules’ for an ideal fuel. Now think about 0 
gas, and wood. Compare how each one satisfies the ‘rules’. 

» 


1 * . "^ wood, 
3 If you were given 1 kilogram of coal and 1 kilogram of ri 
which one would give you the most heat when it was burned? 
do you know? l Wm 
Imagine you are going on a mountain survival course, in wit Sd 
and you were told to bring some emergency rations. Which w Bes 
: 2 n uo ans i 
you take; bread and butter, sugar, or yoghurt? Explain your an 
4 Draw a series of 


t E vin which 
pictures or diagrams to show the w ay in wl 
coal was formed. Giv 


: ues jay. 
€ some reasons why coal is so expensive toda) 
5 Before most laboratories were 


gas was always used as a good reducing agent for jouir ci tein 
actions. Why was this? How would Town gas react wit B ud 
copper(II) oxide and hot lead oxide? Draw the apparatus yous sn 
use for this reaction and write the equations for the reactions 
would take place. (Try Chapters 11 and 12 for ideas.) 

6 Do a ‘This is your life’ story for oil. Start with the way in uie 
it was made millions of years ago, and come up to date with its rece 
history. Some interesting characters in th 
cave man to find a black sticky li 
worker on a North S 
What will you say ab 


as. town 
converted to natural gas. to 


à > first 
€ story might be thc : ^ 
quid oozing out of the grounc 1 
X 5 C RANT Ua : finery- 
ea oil rig; and a Chemist in an oil refin 
out the future of oi]? 1 
e nl disti 
7 Draw the apparatus the teacher would use to fractionally ‘This 
some oil in the laboratory. What precautions would he take? ; Ys 
would in fact be a dangerous experiment, because some o 
fractions might be carcinogenic.) 
8 Some oil was frac 


tionally distilled in a labor 
board and these fractio 


1 p- 
atory fume cul 
ns were obtained. 


Fraction boiling point 
A 50°C 
B 200°C 
C 230*C 
D 300*C 
E 400°C 

Which fraction do you think would: 

a have the biggest molecules. 

b be most flammable, 

be used to Power a tractor, 

d  bemost viscous, 

€ be used in jet engines, 

f burn with the smokiest flame, 

8 be used as a fu 


el for ships. 


20 
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Polymers or 
Plastics ? 


20.9 


Plastics 


Plastics 


Plastics are polymers. Let's sort these two words out. 

A polymer is a big molecule - usually a long one - made up of 
one small molecule, altered slightly and then repeated many 
thousands of times. The small molecule is called a monomer. The 
big molecule is called a polymer. Mono means onc. Poly means many. 
For example: 


high pressure 
ethene gas EO as polyethene 


p | | | 

8 — — 0 4 — t- 

n e Hu 4n m 
ethene is the monomer polyethene is the polymer. 


A polymer chain may be 50.000 monomer units long. 
There is more about polyethene later in this chapter. 


Plastics are polymers, but of a special sort. The word Plastic means 
pliable or mouldable, and this is the characteristic which all plastics 
have in common. 

Plastics can be moulded into shape. 

Many plastics are pliable and bendable. 
In addition. all plastics are synthetic, (man-made) materials. 
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Plastics have many advantages over naturally occurring 
substances such as wood, stone and metals: 
They do not corrode in air and water. 
They do not rot with diseases. 
They do not erode with frost and rain. 
They are thermal insulators. 
They are much lighter than wood, stone or metals. 


Some of them can be easily bent. 


ce 310 0 O — 


Some of them have very great strength. (See figure 1. 


Figure 1 
Mini car supported 
hy Terylene film. 


9 They can be coloured when they 


1 are manufactured and do not 
need to be painted afterwards, 


10 They are often cheaper than wood, metal or stone. 


11 They can be easily moulded into almost any shape. 


But these marvellous materials do have some disadvantages: 


l They are difficult to dispose of. They do not rot away. When 


they are burnt, they often produce smoke and poisonous gases. 


2 They can be a serious fire hazard. Plastics may burn easily, 
especially in a fire that is à 


espe already burning well. Molten plastic can 
inflict severe burns, 


3 das are sometimes not as pleasing to the eye as wood, stone OF 
metal. É i 


4 Because they are cheap, they are often used where wood, stone 
or metal would be better. 


Figure 2 
Plastics by other 
names, 

20.3 


Two Sorts of 
astics 


20.4 


T 
hermoplastics: 
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There are many different types of plastics and manufacturers give 
them various brand names. Figure 2 shows some of these names 
and their proper chemical names. We shall look at some of them in a 
later section. 


manufacturer’s name chemical name 


Acrilan 
Courtelle 
Dralon 8 Acrilic plastics 
Orlon 
Perspex 
BriNylon 
Enkalon 
Perlon 
Tendrelle J 
Crimplene ‘ 
Dacron ia Polyester plastics 
Terylene J 


JV 


Nylon plastics 


Most of these names are to be found on the labels of dresses, 
jumpers and underwear - in fact on almost any sort of clothing. The 
clothing industry is one of the major users of plastics. 


Plastics can be divided into two sorts depending upon the way they 
behave when they are heated. 


These get soft and runny when they are heated, but become hard 
again when they are cooled. You can repeat this process over and 
over again. This means that the plastics can be moulded into shape 
when they are hot and soft. When they are cooled they retain that 
shape. cS ; 

The long polymer chains ina thermoplastic lie alongside each 
other, and they may be entwined, but the chains are not linked 
together. They can slide over each other. (See figure 3.) 


The next paragraphs give details of some common thermoplastics. 
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Polyethene. This is commonly called Polythene. Someumes 
coloured polyethene is sold under the name of Alkathene. 3 
Low density polyethene is made by compressing ethene an 


oxygen to about 2000 times atmospheric pressure at a temperature 
of about 200 °C: 


|: ws A 


2000 Atms 


Ec NIE 


| 
H H H H H HoH H 


This is called a polymerisation reaction. Polyethene has a very long 
polymer chain. n may be as big as 50000. 


This type of polyethene is soft and flexible, light enough to float 


I 
on water, and when made into sheets, it is transparent. It is used e 2 
make bags for foods of all sorts, washing-up liquid containers, anc / 
sheets for water-proofing and insulation. 


One disadvantage of low density polyethene however, is that 
at boiling water temperature, it softens so much that it becomes soft 
and floppy and loses its shape. 

Scientists found that by using special catalysts and a much lower 
pressure of only 30 atmospheres, ethene would polymerise to form 2 
much harder, stiffer polymer called high density polyethene. This 
does not lose its shape in hot water and can be used for washing-up 


bowls, buckets, toys, dustbins, and because of its rigidity, milk and 
beer crates. (See figure 4.) 


Polyvinyl chloride. 
P. V. C. is made by 
warm soapy water under pressure. After 
the polymer slow] 

chloride is a 


‘ gutters and pipes on house 

t is flexible when thin, so it can be made 
into covering for electric cables, upholstery in cars baby pants and 
coats. It is rigid when thick, so toys, light switches and curtain rails 


are made from it. 
The equation for the manufactured P. V. G is: 


H r 
un HH Do 8 | H H H 
a hot | | | | | 
(= — —ÀÀ ait 
water j E i-i licite E=——GC= j 
H | "OL | 
a H a i 
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E 


| milk crate 


: made of 
tgh den sity 


polythene. 


Polystyrene. ‘This is a polymer with a slightly more compli- 
cated structure. The monomer styrene is heated in hot water and it 


forms tiny droplets of the polymer: 


CH CH. M eh CHE H 


M T 
> za E eee — (i (30-662 8- 8 
H 


Some polystyrene is used to make disposable plastic cups. and 
casings for transistor radio sets. Plastic model kits are made of um 
same thing. Another sort is made into food containers, like egg boxes. 
imitation glass containers for jams and yoghurt, and ballpoint pens. 

In yet another type. the polymer is whipped up with air Er 
called expanded polystyrene. Yt is very light and is an excellent heria 
insulator. It is used for ceiling tiles and packaging fragile items. The 
little trays you get meat in at supermarkets are often made of 


expanded polystyrene. lj a 
However, polystyrene has two big disadvantages. Firstly. it oe 
soft at about 90 C and runny at 150. C. This means that it Is n 5 
hazard. Secondly. the clear type of polystyrene used for cups an 
containers becomes brittle if left in bright sunlight. “ 
than 140 000 tonnes of this plastic are 


Nevertheless. more 
produced each year in Britain. 
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Nylon You are probably wearing something made of nylon at 
this moment. It is a plastic that can be made into thin fibres which 
may be woven into cloth, sometimes mixed with other synthetic or 
natural materials. 

Its structure is not as simple as those we have seen already, but 
one type of nylon may be made when solutions of hexanedioic acid 
and diaminohexane are mixed. 


0 O H 4 H 


N N 


H — 0 O——H H H 


hexanedioic acid diaminohexane 


A molecule of water is removed from the two molecules and they 


join together. This is repeated thousands of times to form a polymer 
chain. 
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This is called Nylon 6.6 because the two monomer units each contain 
six carbon atoms. Terylene is another polymer with a similar 
structure. 


Thermoplastics can be squeezed, blown, rolled or sucked into shape 
The following paragraphs explain some of the methods in more deta” 


Extrusion. Thin nylon fibres, drain pipes, curtain rails and 


any object that can be made in a long, continuous strip are forme’ 
by this method. Granules of the plastic are fed into a machine 
Heaters make the material soft as it is squeezed or “extruded throug” 
a nozzle. Then the soft, shaped plastic is cooled with cold air 80 that 
it hardens. (See figure 5a. 


Figure 5b shows very fine nylon fibres being made by this method. 
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Injection moulding. Thi is much the same as extrusion, but 
the softened plastic is forced. into a mould, and alter it has been 
cooled, the mould is opened, and the shaped plastic item removed 
(See figure 6. | 
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Nylon You are probably wearing something made of nylon at 
this moment. It is a plastic that can be made into thin fibres which 
may be woven into cloth, sometimes mixed with other synthetic or 
natural materials. 

Its structure is not as simple as those we have seen already, but 
one type of nylon may be made when solutions of hexanedioic acid 
and diaminohexane are mixed. 
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hexanedioic acid diaminohexane 
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A molecule of water is removed from the two molecules and the) 


join together. This is repeated thousands of times to form a polymer 
chain. 


isi I n T ain 
This is called Nylon 6.6 because the two monomer units each conta 


six carbon atoms. lerylene is another polymer with a simil 
structure. 


Thermoplastics can be squeezed, blown, rolled or sucked into shaP® 
The following paragraphs explain some of the methods in more deta! 
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Extrusion. Thin nylon fibres, drain pipes, curtain rails oe 
any object that can be made in a long, continuous strip are farms, 
by this method. Granules of the plastic are fed into a machin’ 


Heaters make the material soft as it is squeezed or ‘extruded’ tht oug 


3 1 i a 
a nozzle. Then the soft, shaped plastic is cooled with cold air 5o th 
it hardens. (See figure 5a. 

Figure 5b shows very fine nylon fibres being made by this method 
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5b 


Nylon fibres being 


made by extrusion. 


This is much the same as extrusion, but 


the softened plastic is forced into a mould, and after it has been 
cooled, the mould is opened, and the shaped plastic item removed. 


(Sce figure 6.) 


moulded shape 
| 
mould 


| 
plastic 


Sometimes the soft plastic is blown into the mould by compressed 
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20.6 : 
Thermosetting These plastics become permanently hard once they are heated. After 
plastics: that, they cannot be softened and remoulded by heating. Their 


structure differs from those of thermoplastics in that the polymer 
chains are cross linked during the initial heating. Once these linkages 
are formed, the plastic remains rigid. (See figure 7.) The next three 
sections give some details of the most common thermosetting plastics. 


Figure 7 E ue 


The polymer chains in 8 
a thermosetting plastic ae a — — 


are cross-linked. 


| 
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Melamine. This plastic is often used to make children’s dishes 


and cups. It is hard and stiff and difficult to break. Extreme force, 


however, will snap it. It will withstand hot water without bending 
at all, but when it is heated in a fire, it chars. 


Its structure is very complicated. 


Bakelite. This was one of the first plastics to be made. It is made 
from an organic compound called phenol, which has carbon atoms 
arranged in rings. 
When phenol is heated with methanol, their molecules are 
Joined together, and a syrupy liquid called a resin is formed. This 
Consists of long polymer chains, but they do not as yet have any cross” 
linkages. The resin is mixed with a filler, such as sawdust, or silica 
powder, and then put into the mould of the object to be made. Whe? 
heated, the cross-links form up, and the resin sets hard into a stiff: 
heat resistant plastic. 
Bakelite and other similar plastics are used for electric plus* 
and switches, saucepan handles, insulation on electronic printe 
circuits, and even as heat shields on the nose cones of space rocket 


——— ee 4. 


Plastics 293 


20.7 

Shaping Compression moulding. Thermosetting plastic items cannot 

thermosetting be extruded or injected because they harden as soon as they are 

plastics heated. Instead, they are moulded and heated at the same time by 
compressing them into shape. (See figure 8.) 

Fi : 

aoe 8 plastic 

Ompression moulding resin 

an item : 

n thermosetting plastic. 
Lamination. Thermosetting plastics can be sandwiched in 


layers between paper or cloth, and the mixture can be squashed in 
à powerful press. The result is a thin, tough, heat proof laminate. 


0 and other kitchen working surface materials are made in 
this way. 


At the end of this chapter you should be able to: 


1 Explain what the terms monomer and polymer mean. 

2 Say what is meant by the word plastic. 

3 List the advantages of plastics over natural materials. 

4  Listsome disadvantages of plastics. 

iui Do Un. 1 between thermoplastics and thermo- 
„ ms of their behaviour and their structures. 

6 


Give examples of thermoplastics and thermosetting plastics, 
and their everyday uses. 
7 


Lue Describe how plastic objects may be made by extrusion. in- 
cti i 


on moulding, compression moulding and laminating. 


Buying a gramophone record is very easy. lou 
Just go to the shop. and pay your money. When 
Jou pul it on the turntable, and put the needle in 
the groove, out floods the sound of a pop group. 
or a full orchestra. But have you ever thought of 


all the things that must happen before a record 
reaches the shop? 


First of all the musicians get together in a 
recording studio, and engineers record their 
performance on tape. They don't usually 
make just one recording. They make several, 
and then cut the tape up, fitting all the best 
bits together to make a ‘master’ tape. 

Next. the sound from the tape is trans- 
ferred to an aluminium disc which is covered 
with cellulose acetate. The disc is put on a 
turntable, just like that on a record player. 
This revolves at the speed of the record, which 
may be 333 or 45 revolutions a minute. The 
tape is connected to an electronic machine 
that has an arm with a cutting stylus on the 
end of it. As the tape plays. the stylus vibrates 
and converts the sound into a Wavy groove 
cut into the disc. If the notes are low. the 
waves are long, and if the notes are high. then 
the waves are short. The loudness of the notes 
makes the waves either wide, or narrow if it is 
quiet. Look at a record under a strong light 
and you will see these grooves 


The continuous groove slowly curves in 07 
wards the centre of the record. On a long 
plaving record, it loops about eight hundre¢ 
umes before reaching the end of the record. 
Each groove is about one four-hundredth of à 
centimetre deep. 


/ 


The grooves on a gramophone record. 
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is sometime: 
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hours, the layer of 


"s 


— ^ 


of course; one for each side of the record, and 
after inspection they have holes drilled through 
their centres. This hole must be drilled to an 
accuracy of several hundredths of a centi- 
metre. Many stampers will be made, because 
they wear out quickly. 

“Now comes the actual pressing of the 
record. The two stampers are clamped in a 
press which can be heated by steam and cooled 
by water. A small piece of the plastic is put 
between the stampers. This plastic is mainly 
polyvinyl chloride mixed with carbon black, 
and other chemicals called stabilisers. The press 
closes, and the steam is switched on. The press 
exerts a pressure of many tonnes, and the 
plastic is forced between the stampers, to take 
on the shape of the record. The grooves are 
exactly reproduced in plastic. After 30 seconds 
the record is cooled with water and the press is 
opened. During this process, the labels have 
been added. All that remains is to trim off the 
surplus plastic around the edge on a circular 
cutter. 

However, before the record is packed, it 
is inspected. Experts play it on extremely 
sensitive. players and listen for errors. If the 
record is found to be faulty in any way, it is 
rejected. 

So, as you listen to your record, think 
about these processes. The way in which the 
sound gets back out of the grooves and into 
your ears is another story altogether. 
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Questions 
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i 4 Ar he this is 80. 
1 Bridges are not made of plastic. Give one reason w hy 5 is E: 
However, if plastic could be used, in what ways might it be bet 
than steel? 


2 Explain in your own words what a polymer is. 
Suppose you had the monomer: 


he 
y p 


F F 


1,1,2,2-tetrafluoroethene 


i ; or is 
Draw the shape of the chain that is formed when the monomer 
polymerised. 


3 What is the difference betw 
setting plastic? 


E 8 : ls? 
Why cannot low density polyethene be used for washing-up bow 


Why would it be very difficult to make fibres (threads) of Bakelite 
for knitted garments? 


x " armo- 
een a thermoplastic and a thern 


4 Polyethene and P.V.C. are 
together by a process called addit 


when their monomers 
Use the 


made when their monomers JO!" 
ion. Nylon and Bakelite are nae 
Join together by a process called grise 
chapter to find out and explain the difference between them- 


5 Which would be the best met 


hod of plastic shaping for making: 
a 


a plastic chopping board. 
b a washing-up bowl. 
€  polyethene tubing. 


d  clectric light switch covers. 
6 Makea trip around your house and list all the things that arc 
made of plastic. Can you 


: s ES 8 st 
identify any of the plastics? Try to sugge 
the methods by which the different objects were made. 


^ nlastic 
7 a Orange squash bottles are now often made of ga 
instead of glass, Suggest two ways in which this is an impro 
ment, and 


two ways in which it is à nuisance. ile 
b In most new houses, the floors are covered with plastic UE" 
instead of being left as 


wood or stone. In what ways is it 
better? Can you think of a big disadvantage? r 
c A large part of your clothing is probably made of nylon, 
another man-made fibre instead of wool or cotton. Is it 1 8 
or worse than natural materials? Different people will et 
question. How does the price compa? 


good insulator 
s? 


different answers to this 


8 Why is polystyrene a 


" es. 
for fridges and ‘cold’ box 
but no good for table mat : 


Pp 


Metals 


Acids 


Up to date names 


The names of most of the chemicals mentioned throughout this 
book have been kept deliberately simple in order that you will not 
be confused. Some of them however, should have more up to date 
names based upon the J. U. P. &. C. International Union of Pure 
and Applied Chemistry) system of naming, and you may well see 
them in other books. 


The LU.P.A.C. system has been used for naming metal compounds 
whenever a metal forms more than one ion. In such a case, the 
charge of the ion is put into brackets after the metal, as a Roman 
numeral. Iron(1I) sulphate, FeSO4, means iron sulphate con- 
taining the Fe?* ion. Iron(III) chloride, FeCl}, means iron 
chloride containing the Fes“ ion. Copper(1) oxide, Cu,O, means 
Copper oxide containing the Cu“ ion. Copper(11) nitrate, 
Cu(NO,),, means copper nitrate containing the Cu?* ion. 

Sometimes more complicated metal compounds which do not 
contain simple ions are named in this way. 
Manganese(IV) oxide means manganese oxide that might contain 
the Mn** ion, if it existed in this simple form. ( 

\ 


In Chapter 15 you met sulphuric acid and sulphurous acid. More 
Correctly, these should be called: 


sulphuric( VI) acid, H,SO, (sulphuric acid) 


and 
sulphuric(IV) acid, HSO, (sulphurous acid). 


The numbers in brackets refer to the ions that sulphur might form 
m the compound, if it could. 

Fhis means that a sulphate should be called a sulphate VI), and a 
sulphite should be called a sulphate(IV). 

. Similarly, in Chapter 16, nitric acid (HNO3) should be called 
mtric(V) acid, and its salt called a nitrate V), and nitrous acid 
(HNO,) should be called Nitric(III) acid, and its salt a nitrate III), 
Instead of a nitrite. 
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group group 


| ! 
1 
1H 
hydrogen 
one B 
Li «Be 
lithium beryllium 
2 24 
uNa "Mg 
sodium ^ magnesium 
65 
0 45 8. 51 52 55 56 59 50 ; 0 n 
i nCa aSc zTi 5 V n Cr sMn xFe Co * Ni %Cu »Z 
potassium calcium scandium titanium vanadium chromium ^ manganese iron cobalt nickel copper 
12 
85 88 89 91 95 96 98 101 103 106 108 acd 
RD Sr aY Zr aNb 2Mo Tc “Ru sRh Pd „Ag 4 10 1 
rubidium strontium yttrium Zirconium niobium ^ molybdenum — technetium ruthenium rhodium palladium silver e 
201 
133 137 139 1785 181 184 186 190 192 195 197 oH 
Cs sBa sLa||»Hf nTa NY * Re “SOs ™ Ir Pt »Au any 
caesium barium lanthanum | hafnium tantalum ^ tungsten rhenium osmium iridium platinum gold 
223 226 227 
Fr RA s 
francium radium actinium SE — 
hi " 
140 141 144 147 150 152 157 159 
58 s Pr aNd sPm Sm WEU "Gd “Tb Dy, 
cerium Lr HR neodimium promethium ‘samarium europium gadolinium pH Y 
z f 
232 231 238 237 "Up 243 247 247 1 
sTh sPa = U 'sNp «Am „m IBE 9^, 
L thorium actinium ulanium 13 iln _americium curium clin. — 


Relative atomic masses based on internati 


onally agreed figures. 


Element Symbol Atomic Relative Element 
number atomic mass 
Actinium Ac 89 Erbium 
Aluminium Al 13 26:9815 | Europium 
Americium Am 95 Fermium 
Antimony Sb 5l 121775 Fluorine 
Argon Ar 18 39:948 Francium 
Arsenic As 39 74:9216 Gadolinium 
Astatine At 85 Gallium 
Barium Ba 56 137:34 Germanium 
Berkelium Bk 97 Gold 
Beryllium Be 4 9:0122 Hafnium 
Bismuth Bi 83 208-980 Helium 
Boron B 5 10-811 Holmium 
Bromine Br 35 79:909 Hydrogen 
Cadmium Cd 48 112-40 Indium 
Caesium Cs 55 132-905 lodine 
alcium Ca 20 10-08 Iridium 
Californium Cf 98 Iron 
Carbon C 6 12-01115 Krypton 
Cerium Ce 58 130:12 Lanthanum 
Chlorine Cl 17 35453 Lawrencium 
Chromium Cr 24 51-996 Lead 
Cobalt Co 27 58-9332 Lithium 
Copper Cu 29 63:54 Lutetium 
Curium Cm 96 Magnesium 
Dysprosium Dy 66 162-50 Manganese 
Einsteinium Es 99 


Mendelevium 


Symbol. Atomic Relative 


Er 
Eu 
Fm 
F 
Fr 
Gd 
Ga 
Ge 
Au 
Ht 
He 
Ho 
H 
In 

I 

Ir 
be 
Kr 
La 
Lw 
Pb 
Li 
Lu 
Mg 
Mn 
Md 


s 
number atomic mas 


68 167-26 
63 151:96 
100 

9 18-9984 
87 

64 

31 

32 

79 196-967 
72 178-49 
2 4-0026 
67 164-930 
l 1-00797 
49 114-82 
53 126: 9044 
77 y 

26 

36 83. 80 
57 138.91 
103 

82 207-19 
" 6:939 
71 174-97 
12 24-312 
25 54-9380 
101 


oy Pape 


group group group group group group = 
Hl IV V VI VII o Approximate atomic masses for 
calculations. 
4 H Element Symbol Atomic mass 
: i e for calculations 
elium 
n 12 Aluminium Al 27 
14 . 
i 6C 7 " " “Ne Bromine Br 80 
Sn carbon nitrogen oxygen fluorine neon Es l y um B i 
" irbon H 2 
28 * 25 " 9 
nAl 1 N 32 355 40 Chlorine Cl 35:5 
TRA ea "P S Cl BAr Copper Cu 64 
silicon phosphorus sulphur chlorine argon Helium He 4 
n Hydroge H 1 
n ydrogen 
82 15 m 80 84 ine 27 
CIS 32 Ge BAS a Se 35 Br s Kr lodine L ; us 7 
Germanium arsenic selenium bromine krypton oe! Pl 2 
15 ca 2 207 
49 In 1n 122 128 127 131 Lithium Li 7 
indium Sn Sb 5 e sl 5 Xe Magnesium Mg 24 
’ Nm antimony tellurium iodine xenon Manganese Mn 55 
Nitrogen N 14 
iL ied 209 210 ; 5 
82 i 210 222 xyge O 16 
thallium Pb 18 Bi x Po s At s Rn Oxygen P 31 
bismuth polonium astatine radon K 39 
Si 28 
Ag 108 
5 Sodium Na 23 
i zm Sulphur s 32 
PO y Er ‘8 173 175 Zinc Zn 65 
"inium ie T sIm vb nLu iie — z 
à yj thulium ytterbium lutecium | 
Element S b = Se ee n : 
ymbol Atomic Relative Element Symbol Atomic Relative | 
lei number atomic mass number atomic mass | 
"Cury 
; Hy 2 E 
addi num Mo i RS Samarium Sm 62 50:35 
N on ium Nd 60 peek Scandium Se 21 44°956 
Je Gach Selenium Se 9 78.96 
N Ptunium Ne 10 20-179 Sili : x i $ : E 
ickel Np 93 7 Si l4 284 86 
‘Obium Ni 28 58-71 Anver Ag 47 107-808 
Nit Nb Sodium Na 11 22-9898 
Norge n N 9l 92-906 Strontium Sr 38 87-62 
Og cium N 7 +0067 Sulpl s 1 32.06 
oium No 102 5 5 l6 32-064 
> anta 7 . 
p een v 76 190-2 e i 0 bac 
Pi ladium : 8 5:9994 Telluri n E 43 - 
bi Pho: us Pd 16 06-4 Te 9 zi Re 7 5 
binum, p 15 30-9738 Th. iis Tb 65 58.924 
baton, b 78 95-09 Therion 11 8l 204-37 
bolomum Pu 94 J horium Th 90 232-038 
pe assjun Po 84 Thulium Im 69 08:034 
b eode N 19 30-109 Tin Sn 50 18-64 
pio Ymium Pr 39 10 1105 I Itanium li 22 17-90 
t Uur 25 07 2 i 5 5 
d D" G Ue 7 a — 38 
R. a 9] ^n 2 238:03 
NOM : Re "m Vanadium * 23 50.942 
Rp iun Rn 86 Nenon Ne 34 131-30 
R Odium Re ES T$ Ytterbium Vis 70 73•04 
be n 2 ob? v - . x a 
Rupdium Rh 15 102-905 Yurium Y 39 88-905 
theni, Rb 37 scs Zinc Zn 30 65:37 
im Ru 14 1115 de Zircomum Za 10 A 5 
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absolute zero 17 
acetic acid 177 
accumulator 238 
acids 118 
properties 122 
acid salt 161 
acidic oxide 142 
activity series (table; 142, 248 
air 107-113 
composition 108 
fractional distillation 110 
pollution 111, 114 


alcohols 175 
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alkali metals 264 

alkanes 172 
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allotropy 160, 198 

loys 20, 260 

alpha particles 54 
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as a reducing agent 214 5 
ammoniacal liquor 274 
ammonium salts 213, 217 
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215 
hydroxide 119, 120, 216 
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anhydrous copper sulphate 125 
anion 230 
anode 229 
anti-freeze 7 
argon 110 J 
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model 45 6 
atomic bomb 56, 58 60 
atomic energy 56, 58. 59 
atomic mass unit 46 
atomic number 46 
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bakelite 292 
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beta particle 54 
bitumen 277 
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Bosch process 148 
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determination. 14 
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brine 235 
bromine 187 
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Bunsen burner 280 
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chloride 129, 131 
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hydrogen carbonate 39, 161 

oxide 140, 160, 214, 248 
Calgon 41 
calor gas 173 
candle 280 
carbon 142, 158 67 

allotropy 158 9 
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carbon dioxide 142, 162 4 
carbonates 122, 127, 162, 254 
carbon cycle 166 
carbonic acid 118, 120 
carbon monoxide 165 6. 251 
cast iron 257 
catalyst 98. 137, 138, 212. 219 
cathode 229 
cation 230 
cells 237 


centrifuge 22 


cement 168 9 
chalk 160 

chain reaction. 56 
charcoal 158 
Charles Law 
chemical reactions 92 6 
chloric acid 1 189 
chlorides 124, 193 
chlorine 36, 186 93 
chlorophyl 108, 224 
chromatography 25 
circuit diagram 228 
citric acid 118 

close packing 246 
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cobalt chloride 125 

coke 274 

coke fire 166 

combustion 112, 139 

of plastics 112 

compound 10 ^ 

compression moulding 293 

concentration. 120 * 

concentrated sulphuric acid 205 
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cooling curve 14 
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248 
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corrosion 261 4 
cryolite 258 
crystals 11, 68 
crystal lattice 11. 68 
covalency 66 
covalent bonds 67 
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covalent compounds 03. 0 
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decanting 21 
decomposition reactions 04 
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deep sea diving 145 
degree of hydration. 124 
chydration 206 
deionisation 132 3 
deliquescence 131 
detergents 40,180 
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iamond 8g 9, 159 
atomic molecules 247 
lesel oil 977 
difusion 151 
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190, 253 
dissociation 24 
dissolving 11,21 
distillation 22. 40 
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Ouble bond 174 
Fought 49 8 
rinking water 36 
Ary cell 238 
Uctility 249 
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Plating 133, 236 
.valency 63 6 


element 9 


alent © 
65 compounds 62, 


equations 78 9 
calculations 82 5 

ester. 178 

esterification 178 


ethane 173 


ethanoic acid 118. 120, 177. 9, 


234 
ethanol 175. 177 
ethene 174 
ethyl ethanoate 178 
ethyne 175 
evaporation 21. 34 
exothermic reactions. 93 
explosions. 152 
explosives 218 
extraction of metals 254 9 
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families of organic compounds 
172 

fats and oils 179 

fermentation 175 6, 183 

fertiliz 
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field ion microscope 10 
film badge 73 

fire 112 
filtrate 21 
filtration 21 

flames 280 

fluoride 187 

flowing mercury cathode cell 
235 

fluorine 187 

fog 114 16 


formula 9,75 7 


fountain experiment 192 
fractionating column 2: 


Frasch sulphur pump 197 
fuels 173, 271 81, 282 3 
fuel cells 240 | 


G 

galvanising 262 
gamma rays 54 
gas 12, 13, 14 

gas anodes 264 
giant structure 247 
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glass 169 

glass reinforced plastic 292 
glucose 108 

gold 140, 248 

gopher tree 283 

graphite 158 

group 53 

group I metals 264 


H 


Haber proc 


haematite 256 
Halogens 186 
hardness of water 38 4] 
temporary 39 
permanent 40 
cures 40 


heating curve 14 
heat values of fuels 2 
helium 111, 145 
Hindenburg 154 6 
Hiroshima 59 60 
homologous ser 
hydrocarbons 172 
hydrochloric acid 118, 120, 
122, 193 
hydrogen 122. 
251 
hydrogen atom. 49 
hydrogencarbonates 162 
hydrogen chloride 190 2 
hydrogen ions 122 
hydrogen peroxide 138 


hydrolysis 179 
hydroxide ions 123 


I 

Ideal fuels 272 

immiscible liquids 24 

indicators 119 

injection moulding 291 

insoluble salts 125 

insulators 229 

iodine 187 

ion exchange resin 41, 132. 3 

ionic bond 68 

ionic precipitation. 123. 130. 
216-7 

ions 64, 230, 244 
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iron 140, 248, 250, 251, 256 

iron III oxide 248 

iron III chloride 129 

iron(II) iron(II], oxide 140, 
250 

iron ore 256 

iron pyrites 202 

iron(II, sulphate 206 

iron(II) sulphide 201 

isomer 174 

isomerism 174 

isotopes 49 


joule 272 


K 

Kelvin scale 17 

kinetic theory 13 
krypton 110-11 


L 

lactic acid 118 

lamination 293 

lead 248, 250, 251, 253 

lead bromide 231 
iodide 130 


(II) oxide 136, 137, 153, 166 


(II) lead IV; oxide 136 
nitrate 130, 136, 222 

limestone 39, 160, 168-9 
lime kiln 160, 168-9 
lime water 161 
liquid 13 
litmus 119, 128 


M 


magnesium 140, 248, 250, 251, 


253 
chloride 127 
oxide 140, 248 
magnetite 256 
maleability 245 
malt 182 
manganese IV oxide 137, 
138, 187 
marble 160 
margarine 148 


mass number 47 
melamine 292 
melting point 12 
determination 13 
methane 174 
methanoic acid 118, 178 
methanol 175 
methylated spirits 177 
methylbenzene 21 
methyl orange 119 
2-methyl benzene 
mercury 140, 248 
metals 244-65 
extraction from ores : 
as reducing agents 
with acids 126, 245, 
metallic structure 246 
miscible liquids 
mixtures 20 
separation 21 5 
mole 82 
molecular formula 172 
molecule 9, 10 13, 67 
monoclinic sulphur 198 
monomer 285 
mountaineering 144 5 


N 
natural gas 147, 270 
neon 110 
neutralisation 122 
neutrons 45 
nickel 236 
nitrates 124, 221, 222, 254 
nitric acid 118, 120, 122, 
218.22 

nitrogen 110 11, 145 
nitrogen 

(IV, oxide 137, 219, 221 
noble gases 53 
non-conductors 229 
non-electrolytes 229 
non-metals 240 
non-metallic structure 247 
nuclear power 57,58 60 
nuclear reactor 57, 58 
nucleus 45 
nylon 290 


O 


oil 275 


rig 275 

oleum 204 

ores 254 

organic compounds 171 

osmosis 12 

oxalic acid. 118 

idation 95, 188, 221, 231 

oxidising agent 96, 187, 205, 
220, 247 

oxygen 110 11,136 43 

^o in the air 109 


P 
period 53 
periodic table 52, 298 9 
petrol 278, 283 
pH number 121 
phenolphthalein 119 
phosphates 224 5 
phosphorus 14: 
phosphorus V; oxide 142 
photosynthesis 108, 224 
physical changes 94 
pipette 128 
pig iron 257 
plastics 285 93 
plastic sulphur 200 
polyethene 288 
polymer 285 
polymerisation 288 
polystyrene. 289 
polyvinyl chloride 288 
porous pot 151 
potassium 140, 248, 249, 251 
253 
bromide 190 
chlorate 137 
dichromate (VI) 207 
hydroxide 119, 120, 249 
iodide 190, 230 
nitrate 26, 136, 222 


nitrite 136 3 
manganate (VII) 187, 20: 


precipitate 39 
promotors 212 
propane 173 
propanoic acid 178 
propanol 175 
protons 45 
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Puddling 257 silver 140, 248 Thomson. )..). 45 
pure Substance 20 M C tin 246, 263 
purity 26 „ tinning 263 
v XU T3 tn cans 30 J. 263 
Q slakee 15 à titration. 128 
soap 20. de = "TM 
S I 3 transition temperature 198 
quicklime 161 sodium 140, 248, 249, 251, ple T Y 
253.259 triple bond 175 
carbonate 40. 122, 130 titrium 49 
R chloride 128 
r 3 hydroxide 119, 120, 122. 
opanke particles 54 i 235 249 U 
adioa 5 A $ PR 
10100 1. 58 60 oxide 140 universal indicator 120 
: Olopes 54 stearate 38 unsaturation 174 
ainfall 42 3 sulphite 202 ani 56 
uranium 56 
rate of reaction 97 8 solid 13 
records 294 5 solubility of solids 26 9 
Req Adair 282 3 curve 27 Ds V 
r s 2 5 Ane 
ed lead 136 ati 96 vanadium, V) oxide 204 
ction 95 6.240 1 solu 8 9 26 Van der Waals forces 68 
5 solution 5. „26 vapour 14 
agent 96, 153, 166, ayes 
He 3, 214.15. 245 sonority 245 
D" 95, 100, 53, 166 stalactites and stalagmites 39 W 
254 214 15, 231, 251 2. steam reforming 147 washing 38 
tiie at steel 257 washing soda 40, 130 
a : ae 
ative n is mass 49 strength of acid. 120 water 33-41, 42 3. 69 
80 Peer mass 49, strong electrolytes. 234 anodes 263 T 
: RAUS zi mical test 12: 
residue 21 structural formula 172 chs wa is 
piration 107 sublimation 24, 215 electrolysis 232 
Bible reaction 204, 212 sulphur 142. 197 207 hardness 38 41 
om bic sul i 12 allotropes 198 impuriti 35 
"Ubbish 30 PAur 198 dioxide 132. 201 3 of crystallisation 124 
therfo, 2 trioxide 204 statistics 33 
T a "rnest 45 sulphates 124, 206 water works ~ 
"Ps ord, E 15 Ipt 124, 20 ks 36 
5 > " 27 
sulphites 202, 207 weak electrolytes 234 
3 sulphides 201 wine 176 
" sulphiine acid 118, 120, 122. wrought iron 257 
alts |o, 204, 208 9 
solu 2, 124 3| i 
Ubility 125 sulphurous acid 118. 120, 202 
bite T ces suspension 22 
hn. ification 179 suspension 22 X 
: uraj Word o symbols 9 xenon 110 11 
tUrate 267 electrical 228 X-rays 72-3 
at compou : synthesis 12 UN 74 
EIS Meu synthesis 129 X-ray crystallography 73 
Smic s 
d s 
Cale E 277 T 
Bis: 
m pe ee i tartaric acid 118 Y 
5 “Parat dle membrane 12 teeth 195 yeast 176, 183 
SA dn unnel 24 = i à 
t SO P tetrammine copper II ion 217 
bap z thermal dissociation 217 2 


thermit process 2 zinc 140. 248. 250, 251. 253 
thermoplastic 287 oxide 119, 140, 248 


thermosetting plastic 292 sulphate 126 


hell bluse, 200 J. 293 
ectrons 50 
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Answers to numerical questions 


Chapter I page 19 7. a 60°C b 2 minutes c 220°C 
Chapter 2 page 32 4. a lead nitrate b lead nitrate 
c approx. 80g per 100g of water d 8°C 
f approx. 80g per 100g of water 
5. 238g per 100g of water. 
Chapter 6 page 9] 4. a 52-949, b 31-989, c 280% 
d 14299, e 62-94%, 
3. a 23g, 27g, 39g, 32g, 32g 
b 130g, 112g, 48g, 110g, 56g 
c 6g d 33g e 4g f 2g g 
h 325g i 70g 3 168g 
6. a 1 mole, I mole, | mole of atoms 
b 2 moles, 4 moles, 2 moles, 0-5 moles 
7. a 18g b 88g c 50g d 7l0g 
8. a 224dm b 448dn? 
c 5˙6 dm d 3 
9. 36g 
10. FeCl, 
11. ZnO 
Chapter 7 page 106 7. a 16g b 36¢ € 44g 
Chapter 8 page 117 3. 80% 
Chapter 9 page 134 7. a 213g b 18g € n—9 


50°C 


153g 


Chemistry matters covers all the material 1 abe E 
syllabuses. Each chapter presents a straight vl 1 
nation of the fact and theory required by the ai um ca 
this is followed by an extra time section which 5 a 
social, environmental, and technological app an 3 — 
chemistry. Each chapter ends with a summar y anda 
questions. 
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